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rI. GENERAL INTRODUCTION.
The concept of inhibition as an active process has been one 
of the major developments in neurophysiology. It is generally 
agreed that the discovery of inhibition can be attributed to the 
Weber brothers, who found in 1845 that vagal stimulation stops the 
heart from contracting (Jasper, I960; Lloyd, 1961; Eccles, 1961b),
The demonstration that vagal inhibition was associated with an 
increased demarcation potential of the fibres of the auricle 
(Gaskell, 1886; 1887) showed that the mechanism was quite different 
from the processes known to occur in association with conduction in 
nerve trunks. It has since been established that vagal inhibition 
of the heart is due to the action of a chemical transmitter, 
acetylcholine, and the changes in ionic conductance across the 
membrane of heart fibres responsible for the inhibitory effect have 
been investigated in detail (Ioewi, 1933; Burgen & Terroux, 1953; 
Hoffmann & Suckling, 1953; Castillo & Katz, 1955; 1957; Hutter & 
Trautwein, 1955; 1956; Harris & Hutter, 1956; Trautwein, Kuffler & 
Edwards, 1956; Hutter, 1957; Trautwein & Dudel, 1958)*
Similarly, other peripheral inhibitory mechanisms, particu­
larly those in Crustacea, have been investigated thoroughly (Fatt & 
Katz, 1953; Kuffler & Eyzaguirre, 1955; Boistel & Fatt, 1958;
Kuffler & Edwards, 1958; Terzuolo & Bullock, 1958; Edwards & 
Hagiwara, 1959; Otani & Bullock, 1959; Hagiwara, Kusano & Saito, 
I960; see also Wiersma, 1961. for others). It can be taken as 
established that inhibition in the peripheral nervous system can 
occur as a result of special inhibitory fibres acting in a different 
manner than could be anticipated from a study of the properties of 
nervous conduction (cf. Mrian, 1924).
I __
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Inhibition in the central nervous system was first demonstrat­
ed by Setchenow in 1863 (Jasper, I960; Lloyd, 1961; Eccles, 1961b). 
Despite the evidence of an active inhibitory process in many 
peripheral junctions, several of the early theories of central 
inhibition were based upon the concepts of relative refractoriness 
and decremental conduction derived from studies on narcotized 
peripheral nerve trunks (Lucas, 1917; Forbes, 1922; Adrian, 1924). 
Serious difficulties for these theories were presented by the 
evidence of Sherrington and his co-workers that excitatory and 
inhibitory processes were capable of gradation and that inhibition 
persisted for as long as 50 msec after the arrival of individual 
inhibitory impulses (Sherrington, 1906; 1925; Ballif, Fulton & Liddell, 
1925; Eccles & Sherrington, 1931; Creed, Denny-Brown, Eccles, Liddell 
& Sherrington, 1932). However, another theory based on the 
properties of nervous conduction was developed by Gasser (1937) after 
the discovery of the subnormal period in peripheral nerve (Graham, 
1935). Gasser proposed that central inhibition is due to subnormality 
of interneurones common to both the inhibitory and the excitatory 
pathways. This mechanism is still considered as an explanation of 
certain types of depression of central transmission (cf. Eccles, 
Kostyuk & Schmidt, 1962b), but it is not included among the processes 
currently defined as inhibitory (Eccles, 1961b).
The introduction of monosynaptic reflex testing (Renshaw, 1940; 
1941; Lloyd, 1941; 1943a, b) provided the means of proving that 
central inhibition could occur without prior excitation and hence was 
due to a special inhibitory process comparable to that seen in 
peripheral junctions. It was shown that monosynaptic pathwaysto
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motoneurones could be in h ib i te d  by a  co n d itio n in g  v o lle y  e i th e r  in  
ano ther orthodrom ic pathway (L loyd, 1941) o r  by an an tid ro m ic  v o lle y  
in  a v e n tra l  ro o t  (Renshaw, 1941)* Lloyd f e l t  t h a t  th e  co n d itio n in g  
in h ib i to r y  v o lle y  was a lso  tra n s m itte d  m onosynap tica lly  when i t  was 
s e t  up in  th e  nerve o f  an a n ta g o n is tic  m uscle, b u t t h i s  has been 
d isp roved  (E cc le s , F a t t  & Landgren, 1956; R.M. E cc le s  & Lundberg,
1958a; A raki, E cc le s  & I to ,  I960; E id e , Lundberg & Voorhoeve, 1962). 
However, t h i s  does no t a f f e c t  th e  argument, fo r  th e  s ig n i f ic a n t  p o in t 
i s  t h a t  th e re  can be no subnorm ality  in  th e  e x c i ta to r y  pathway as a 
r e s u l t  o f  th e  in h ib i to r y  v o lle y  when the  t e s t  system i s  monosynaptic 
(G ra n it, 1950). A lthough, w ith  com plicated  in h ib i to r y  pathw ays, 
th e re  could be scope fo r  in te rn u n c ia l  subnorm ality  r e s u l t in g  in  a 
decrease  in  th e  background e x c i ta t io n  o f  mononeurones, t h i s  would be 
im possib le  w ith  sim ple in h ib i to r y  pathways in v o lv in g  b u t a  s in g le  
r e la y ,  such as th e  an tid rom ic  in h ib i to r y  pathway o r  th e  Group l a  
in h ib i to r y  pathway to  motoneurones o f  a n ta g o n is tic  m uscles (Renshaw, 
1946a; E c c le s , F a t t  & K oketsu, 1954; E c c le s , F a t t  & Landgren , 1956)* 
A d d itio n a l evidence a g a in s t  th e  involvem ent o f  in te rn u n c ia l  subnormal­
i t y  came from experim ents u s in g  s in g le  m otoneuronal d isch a rg es  as a 
t e s t  o f  background e x c i ta t io n  o f  motoneurones (G ra n it & Strom, 1951) • 
E v id en tly  a  th eo ry  n o t based on p r io r  a c t iv i ty  was re q u ire d  to  ex p la in  
the  in h ib i t io n  o f  the  m onosynaptic r e f le x  pathway. An e l e c t r i c a l  
th eo ry  was suggested  by Brooks & E cc le s  (1947), b u t t h i s  was l a t e r  
abandoned in  favour o f  the  h y p o th esis  th a t  in h ib i t io n  i s  due to  th e  
l ib e r a t io n  o f  a chem ical t r a n s m it te r  substance from th e  endings o f  
s p e c ia l  in h ib i to ry  f ib e e s .  The c r u c ia l  evidence fo r  t h i s  came from 
th e  in tro d u c tio n  o f  i n t r a c e l l u l a r  re c o rd in g  tech n iq u es  (Hodgkin &
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Huxley, 1939; Gerard & Graham, 1942; Graham, Carlson & Gerard, 1942; 
Graham & Gerard, 1946; Ling & Gerard, 1949; Fatt & Katz, 1950; Nastuk 
& Hod&kin, 1950) to the study of neuronal activity in the spinal cord 
(Brock, Coombs & Eccles, 1951; 1952; Woodbury & Patton, 1952), 
Inhibitory volleys were found to produce a hyperpolarizing potential 
in motoneurones (Brock, Coombs & Eccles, 1952). The characteristics 
of the inhibitory postsynaptic potentials (IPSPs ) of motoneurones and 
other central neurones, and the similarities between them and the 
inhibitory responses found in peripheral junctions have been described
at length in recent reviews (Eccles, 1957; 1959; 1961a, b; Huffier,
& Edward s
1959; Fessard, 1959; I960; Frank & Fhortes, 1961; Terzuolo'i 1962).
Because of the emphasis placed on the study of postsynaptic 
inhibitory processes, little attention has been paid until recently 
to the many suggestions in the literature that there might be a 
presynaptic site of inhibitory action (Barron & Matthews, 1935b, c; 
1938a; Renshaw, 1946b; Brooks, Eccles & Malcolm, 1948; McCulloch, 
Lettvin, Pitts & Dell, 1952; Howland, Lettvin, McCulloch, Pitts & 
Wall, 1955; McCouch & Austin, 1958)* However, the discovery by 
Frank & Fuortes in 1957 of a mechanism which reduces monosynaptic 
excitatory postsynaptic potentials (EPSPs) without affecting 
postsynaptic membrane properties has reawakened interest in the 
concept of presynaptic inhibition in the vertebrate central nervous 
system (Eccles, 1961a, b). Concurrently, presynaptic inhibition has 
come to be recognized as a mechanism of significance in peripheral 
junctions of invertebrates (Dudel & Huffier, I960; 1961; Tauc, I960).
The work to be described is part of an effort to determine 
whether the EPSP depression in cat motoneurones discovered by Frank 
& Fuortes (1957) is due to a presynaptic action. Section III
5deals with presynaptic in h ib itio n  o f the monosynaptic re f le x  path­
way, mediated by Group l a  f ib re s  from the primary endings o f muscle 
sp ind les. The main argument i s  a co rre la tion  o f  the EPSP depression 
o f Frank & Fuortes with the depolarization  o f Group l a  f ib re s  (Eccles, 
Kozak & Magni, 1961) which has been suggested as the causal agent o f 
the EPSP depression (Eccles, Eccles & Magni, 1961; E ccles, 1961a, b ) . 
Section IV is  concerned with primary a ffe ren t depolarization  o f Group 
lb  f ib re s  from Golgi tendon organs. The manner in  which low threshold  
muscle a ffe ren t f ib re s  produce sp inal cord f ie ld  p o ten tia ls  and do rsa l 
roo t p o ten tia ls  w il l  be examined in  Section V. D etails about the 
anatomy and physiology o f muscle spindles and Golgi tendon organs and 
the c en tra l actions evoked by these recep tors o ther than presynaptic 
inh ib ito ry  e ffe c ts  may be found in  the numerous pub lications in  th is  
f ie ld  (eg, Sherrington, 1894; 1900; 19O95 R u ffin i, 1897; 1898; Fulton 
& Pi-Suner, 1928; Denny-Brown, 1928; 1929; Matthews, 1933; Renshaw, » 
1940; Lloyd, 1943a-c; le k s e l l ,  1945; Barker, 1948; G ranit, 1950; 1952; 
1955ji;McCouch, Deering & Stew art, 195ü; Hagbarth & Naess, 1950; Granit 
& Strom, 1951; K uffler, Hunt & Quilliam, 1951; Hunt & K uffler, 1951a, 
b; Hunt, 1951; 1952; 1954; Laporte & Lloyd, 1952; Job, 1953; Bradley & 
E ccles, 1953; E ccles, 1957; Eccles, Eccles & Lundberg, 1957a-c; R*M, 
Eccles & lundberg, 1958b; Harvey & Matthews, 1961; Eccles, Eccles & 
Shealy, 1962; see also Symposium on Muscle Receptors, 1962).
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I I .  METHODS.
A. P re p a ra tio n s .
1 . lum bosacral S p in a l Cord o f  Adult C a ts . For most o f  the 
experim ents on a d u l t  c a t s ,  a n a e s th e s ia  was employed (p e n to b a rb ita l 
sodium, i n i t i a l  dose 40 mg/kg in t r a p e r i to n e a l ly ,  w ith  supplem ental 
doses in trav e n o u s ly  as r e q u ire d ) .  The p e r ip h e ra l  ne rv es  to  be used 
were d is se c te d  w ith  care  to  minimize damage to  t h e i r  blood supply .
The lum bosacral s p in a l  cord was exposed by a laminectomy from 12 to  
S i segm ents, and th e  cord  was tra n s e c te d  a t  12, u s in g  a lo c a l  p roca ine  
b lo c k . V en tra l ro o ts  were c u t as r e q u ire d .  The anim al was r ig id ly  
fix ed  by clamps a tta c h e d  to  a heavy s t e e l  fram e. Movements were 
reduced to  a minimum by s tr e tc h in g  th e  v e r te b ra l  column between clamps 
on th e  p e lv ic  bones and on th e  body o f  th e  I i  v e r te b ra  and by s id e  
clamps on th e  bo d ies  o f  v e rte b ra e  a t  th e  le v e l  o f  re c o rd in g . A pool 
o f  warmed p a r a f f in  o i l  fo r  covering  the cord was con tained  between 
sk in  f l a p s .  D orsal r o o t l e t s  fo r  re c o rd in g  d o rs a l  ro o t  p o te n t ia l s  
were d is s e c te d  as needed w ith  the  a id  o f  a b in o cu la r d is s e c t in g  
m icroscope which was mounted on the  fram e. The p e r ip h e ra l  end o f  a 
r o o t l e t  was sev e red , and i t  was free d  from p ia -a rach n o id  up to  i t s  
e n try  in to  th e  cord to  allow  favourab le  reco rd in g  co n d itio n s  fo r  
d e te c t in g  th e  e le c t r o to n ic a l ly  conducted d o rs a l  ro o t  p o te n t ia l s .
When g la s s  m ic ro e le c tro d es  were to  be in s e r te d  in to  th e  co rd , a sm all 
window was made in  th e  p ia -a ra ch n o id  w ith  f in e  fo rc e p s . P e r ip h e ra l 
n e rv es  which had been d is s e c te d  were mounted on p la tinum  s tim u la tin g  
e le c tro d e s  in  a  poo l o f  warm p a ra f f in  o i l  con tained  between skin  
f la p s  from th e  hindlim b in c is io n .  An ex cep tio n  was the  quadriceps 
n e rv e , which was mounted on a b u rie d  e le c t r o d e .  In  a few
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experim en ts, a wide d is s e c t io n  was made so th a t  some o f  th e  nerves to  
h ip  m uscles could be mounted fo r  s t im u la tio n ; in  th e se  experim en ts, 
th e  back poo l and le g  poo l were co n tin u o u s . The body tem peratu re  
was m ain tained  a t  le v e ls  o f  35-38°C (a  sm a lle r range o f  f lu c tu a t io n  
was m ain tained  fo r  most in d iv id u a l  experim en ts) by means o f  h ea tin g  
elem ents in  th e  p a r a f f in  poo ls and by a th e r m is ta t i c a l ly  re g u la te d  
h e a tin g  c o i l  p laced  in  c o n tac t w ith  th e  v e n tr a l  su rface  o f  th e  c a t .  
I n t r a p e r i to n e a l  in je c t io n s  o f  ba lanced  e le c t r o ly te  s o lu tio n  were g iven  
as re q u ire d . P e n ic i l l i n  in je c t io n s  were re g u la r ly  g iven  and p re v e n t­
ed the  development o f  wound in f e c t io n s ,  p a r t i c u la r ly  o f  gas gangrene, 
in  experim ents l a s t i n g  more than  24 h o u rs .
Some experim ents were perform ed on d e c e re b ra te  c a t s .
Dec e re b ra tio n  was done by in t e r c o l l i c u l a r  s e c tio n  in  anim als 
an ae s th e tiz e d  by e th e r ;  the  b ra in  r o s t r a l  to  th e  s e c tio n  was removed, 
hemorrhage being  c o n tro lle d  by l ig a t io n  o f  bo th  common c a ro tid  
a r t e r i e s  and by tem porary o c c lu s io n  o f  th e  v e r te b r a l  a r t e r i e s .  
P rep a ra tio n  o f  th e  s p in a l  cord and ro o ts  was perform ed under e th e r  
a n a e s th e s ia  b e fo re  dec e re b ra t io n , w hile th e  p e r ip h e ra l  nerve 
d is s e c t io n  was done a f t e r  th e  dec e re b ra t io n , th u s  av o id ing  an 
ex ce ss iv e ly  long p e rio d  o f  e th e r  a n a e s th e s ia .
2 . K itte n  Lumbosacral Cord„ A ll th e  k i t t e n s  used were 
an ae s th e tiz e d  l ig h t ly  w ith  p e n to b a rb i ta l  sodium. The i n i t i a l  dose 
was given in t r a p e r i to n e a l ly  and was a  f r a c t io n  o f  th e  a d u lt  dose 
(40 mg/kg) depending upon th e  age o f  th e  k i t t e n ,  accord ing  to  th e  
fo llow ing  schedule:
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Agg l o i k
24 hr. 40
48 hr. 45
4 days 55
1 week 60
2 weeks 65
3 " 70
4 “ 75
6 * 80
8 " 90
3-5 months over 1Q0
Additional doses of anaesthetic were given intraperi tone ally or 
intramuscularly in kittens under 4 weeks of age and intravenously in 
kittens over 4 weeks as required. It was generally helpful to 
spinalize the kittens before doing the peripheral nerve dissection. 
Laminectomy and section of ventral roots were as in adults , but 
smaller clamps were needed. The hindlimb dissection was less 
extensive than in adults, since fewer nerves could be mounted in the 
leg pool. The temperature of the pools was controlled by heating 
lamps placed in the pools, and the body of the animal was heated by 
a coil on the ventral surface as in adults.
3. Cervical Spinal Cord of Adult Cats. For experiments on 
the cervical cord, a laminectomy was done from the 3rd cervical to 
the 1st thoracic vertebrae. The dorsal and ventral roots were left 
intact for studies involving intracellular recording from moto- 
neurones. In some experiments the appropriate ventral roots were 
either cut or ligated. The spinal cord was not severed in the upper 
cervical level, because recording conditions often deteriorated 
rapidly when this was done in preliminary experiments. Despite this, 
good fixation was obtained by clamping the spinous processes of the 
2nd cervical and of the 2nd and 3rd thoracic vertebrae and stretch­
ing the vertebral column between the clamps. In addition, side
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damps were applied just dorsal to the transverse processes of 
the 7th and 8th cervical vertebrae. Otherwise the experimental 
arrangement was similar to that described for the lumbosacral 
preparation. Peripheral nerves of the right foreiimb were 
dissected and mounted for stimulation in  a pool of warmed 
paraffin o i l .  Sufficient access to the nerves was obtained 
by the removal of the triceps muscles*
B• Recording and Stimulating Techniques
1. Equipment. Much of the recording and stimulating equip­
ment and the micromanipulator used for these experiments have been 
described in  various reports from this laboratory (Brock, Coombs & 
Eccles, 1952; Bradley & Eccles, 1953; Eccles, Fatt, Iandgren & 
Winsbury, 1954; Coombs, Eccles & Patt, 1955; Eccles & Krnjevic,
1959a; Eccles, Magni & W illis , 1962; Eccles, Kostyuk & Schmidt, 
1962b). Particular applications w ill be discussed as necessary*
2. Microeiectrode Techniques. For intracellu lar recording 
glass microelectrodes pulled to a fine tip  by the instrument 
described by winsbury (1956) were used, f i lle d  either with 3M KC1
or wi$h 2M K c itra te . A resistance of 5-10 megohms was preferred 
for recording from motoneurones , while one of 10-15 megohms 
was used for primary afferent fib res. When recording spinal cord 
f ie ld  potentials or when stimulating primary afferent fibres within 
the cord, a low resistance microeiectrode (1-2 megohms) f i l le d  with 
4M NaCl was employed*
3. Monosynaptic Reflex Testing* The techniques for record­
ing monosynaptic reflex  spike potentials from ventral roots were
essen tia lly  as described in  communications from th is laboratory
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(R.M. E cc le s  & lundberg , 1959a; A rak i, E cc les  & I t o ,  I9 6 0 ) , I t  was 
u su a lly  found s u f f i c i e n t  to  superimpose only 4-6  sweeps in  o rd e r to  
o b ta in  a  r e l i a b le  measurement o f  th e  h e ig h t o f  the  m onosynaptic 
r e f l e x  sp ik e . T h is  was e sp e c ia l ly  t ru e  in  k i t t e n  p re p a ra t io n s , 
which had very la rg e  and s ta b le  m onosynaptic r e f le x  d is c h a rg e s .
In  some a d u lt  an im als, th e  m onosynaptic r e f le x  spike was in c reased  
in  h e ig h t by employing a f a c i l i t a t o r y  v o lle y  in  the same a f f e r e n t  
n e rv e . The s iz e  o f  t h i s  v o lle y  was a d ju s ted  so th a t  i t  was 
su b lim in a l fo r  evoking a r e f le x  d isch a rg e  and th e  v o lley  in te r v a l  
was about 2msec. Both “f a c i l i t a t e d "  and “n o n - f a c i l i ta te d "  mono­
sy n ap tic  r e f le x e s  have been used to  t e s t  th e  e f f e c t s  o f  co n d itio n in g  
v o lle y s  in  a d u lt  p re p a ra t io n s . In  k i t t e n s ,  the  m onosynaptic 
r e f le x e s  evoked by s in g le  v o lle y s  were so la rg e  and s ta b le  th a t  
f a c i l i t a t i o n  was n o t r e q u ire d .
4 .  Mass D ischarge o f  D orsal and V entral S p in o cereb e lla r
T ra c ts -  In  a  few experim en ts, a study was made o f  th e  
e f f e c t s  o f  co n d itio n in g  v o lle y s  on th e  m onosynaptic component o f  the  
mass d isch a rg es  o f  th e  d o rs a l  and v e n tra l  s p in o c e re b e lla r  t r a c t s .
The methods o f  d is s e c t io n  and o f  re c o rd in g  d isch a rg e s  from th ese  
t r a c t s  have been d e sc rib ed  by L ap o rte , Lundberg & O scarsson (1956a) 
and O scarsson (1956).
5* Techniques fo r  S tudying Prim ary A ffe ren t D ep o la r iza tio n - 
The methods employed in  th e  study o f  prim ary a f fe re n t  d e p o la r iz a tio n  
o f  Group I  muscle a f f e r e n t  f ib r e s  w i l l  be d esc rib ed  in  th e  te x t  in  
connexion w ith  th e  fo llo w in g  f ig u r e s ,  which in c lu d e  diagram s o f  the  
experim en tal arrangem entss
Ü*u
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Excitability changes of Qroup la fibres 8 
Intracellular recording from afferent fibres 10 
Excitability changes of Qroup lb fibres 27 
Cord dorsum positive field potentials 35 
Dorsal root potentials 38
C. Abbreviations. Throughout the text, it has been convenient 
to employ abbreviations for the most commonly used expressions* 
These were of two chief types: abbreviations of the names of types 
of potential changes in nervous tissue and of the names of the
peripheral nerves.
1* Potentials.
Excitatory post synaptic potential EPSP
Inhibitory postsynaptic potential IPSP
Positive cord dorsum field potential P wave
Dorsal root potential DRP
Dorsal root reflex DRR
Primary afferent depolarization PAD
2. Names of Nerves. The emphasis throughout the text is 
on the functional division of the muscles supplied by various nerves 
into flexors and extensors (cf* Sherrington, 191^5 R.M. Eccles & 
Iundberg, 195°b)* It is realised that many of the muscles have 
additional functions, such as rotation of a particular joint and, 
in the case of some forelimb muscles, of pronation and supination. 
Nevertheless, for the sake of simplification and because there is no 
evidence against this division, the nerves will be divided into 
those supplying flexor muscles and those supplying extensor muscles.
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In addition, certain cutaneous and mixed nerves have been used.
The abbreviations of the names of the nerves are as follow s,
Kindiimb Flexor Serves Joint of Action Abbreviation
Tensor fasciae latae  
Sartorius
Posterior biceps-semitendinosus 
Gracilis
Peronei-deep peroneal
& i t s  branches 
Pero nei
Keep peroneal
Hindlimb Extensor NerveB
Semimembranosus-anterior biceps
Quadriceps
& i t s  branches 
Rectus femoris
Vastocrureus
Gas trocnemius-s o1eu s
& it s  branches
Lateral gastrocnemius-soleus 
Medial gastrocnemius
Plantaris
Plexor digitorum & hallucis longus 
Hindlimb Cutaneous & Mixed Nerves 
Sural
Superficial peroneal 
Plantar
Hip TPL
t» SART
Knee PBST
it GRAC
Ankle & d ig its PDP
it
P or Per
i t KP
Hip SMAB
Knee Q
it RF
it VC
Ankle GS
it LGS
it MG
it PI
Ankle & d ig its FDHL
Type Abbreviation
Cutaneous SU
" SP
Mixed FT
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Forelimb Flexor Nerves Joint of Action Abbreviation
Musculocutaneous (a mixed nerve) Elbow MC
Dorsal interosseous Wrist and digits DI
Forelimb Extensor Nerves
Triceps longues(long head of Elbow TIO
triceps brachii)
Triceps lateralis plus anconeus " TLA
Median (mixed nerve) Wrist & digits ME
Ulnar (mixed nerve) Wrist & digits UL
Forelimb Cutaneous Nerve
Superficial radial SR
3. Other Abbreviations»
Dorsal spinocerebellar tract DSCT
Ventral spinocerebellar tract VSCT
Posttetanic potentiation FTP
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I I I .  Pre synaptic Inhibition of Group la  Afferent Pathways 
A. Introduction. Using the technique of in tracellu lar recording 
from motoneurones of the lumbosacral spinal cord of the cat, Frank 
& Fuortes (1957) discovered a new type of central nervous system 
inhibition. They were able to demonstrate a depression of the 
monosynaptic excitatory postsynaptic potential (EPSP) by a condition­
ing volley which i t s e l f  did not a lte r the postsynaptic membrane 
potential. Nor was there any change in the excitab ility  of the 
motoneuronal membrane to applied pulses of current or in the ability  
of an antidromic impulse to invade the motoneurone. Frank (1959) 
suggested that the reduction of the EPSP could be the resu lt either 
of a pre synaptic action of the conditioning volley or of an 
inhibitory effect so far out in the mo to neuronal dendrites that no 
potential changes could be recorded in the soma. A considerable 
amount of additional information about the properties of EPSP 
depression was obtained by Eccles, Eccles & Magni (l96l). This 
information w ill be reviewed in d e ta il below.
Eccles, Kozak & Magni (l96l) demonstrated a remarkable 
resemblance between many of the characteristics of the dorsal root 
reflexes produced in muscle afferent fibres by volleys in muscle 
nerves and the properties of the EPSP depression. Much of the 
early work on dorsal root reflexes was done using volleys in dorsal 
roots, or in cutaneous or mixed muscle and cutaneous nerves (Gotch 
& Horsley, 1891; Matthews, 1934; Barron & Matthews, 1935b; c; 1938b, 
c; Toennies, 1938; 1939; Skoglund & Uvnas, 1943; Hobgood, 1953)« 
However Brooks, Koizumi & Malcolm (1955) and Brooks & Koizumi (1956)
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dem onstrated  th e  p ro d u c tio n  o f d o rs a l  ro o t  r e f le x e s  by muscle a f fe re n t  
v o l le y s .  Some e a r ly  w orkers suggested  t h a t  d o rsa l ro o t  r e f le x e s  
m ight be due to  th e  p resen ce  o f  e f f e r e n t  f ib r e s  in  th e  d o rs a l  r o o ts ,  
e i th e r  a r is in g  from c e l l s  lo c a ted  w ith in  the  sp in a l cord o r  from 
d o rs a l  ro o t  ganglion c e l l s  in  the  same o r  o th e r  ro o ts  and, a f t e r  
p ass in g  through th e  co rd , emerging as nr e c u r r e n tn d o rs a l  r o o t  f ib r e s  
(Kahr & Sheehan, 1933$ M atthews, 1934$ B arron & M atthews, 1935a~d). 
However, th e re  i s  now convincing  evidence a g a in s t e i th e r  p o s s i b i l i t y  
(S to re y , Corbin & H insey, 1936$ Young & Zuckerman, 1937$ Duncan & 
C rocker, 1939; B arron , 1940$ Westbrook & Tower, 1940$ Renshaw & 
Therman, 1941$ Hobgood, 1953)» There i s  g en era l agreement th a t  
d o rs a l  ro o t  r e f le x e s  a re  produced by a d e p o la r iz a tio n  o f  prim ary 
a f f e r e n t  te rm in a ls  w ith in  th e  sp in a l cord  and th a t  t h i s  d e p o la r iz a ­
t io n  may be recorded  from d o rs a l  ro o ts  as th e  d o rsa l ro o t  p o te n t ia l  
(Barron & M atthews, 1938c; Bonnet & Brem er, 1938a, b$ E c c le s , 1939; 
E cc le s  & Malcolm, 1946$ Brooks & Koizumi, 1956$ Koketsu, 1956a;
W all, 1958; T reg ear, 1958). Although th e  d o rs a l  ro o t r e f l e x  
p robably  has in  i t s e l f  no p h y s io lo g ic a l ro le  (Barron & M atthews,
1938b$ E c c le s , 1939; Hobgood, 1953), i t  i s  a convenient to o l  fo r  
th e  study o f  some o f  th e  p ro p e r t ie s  o f  th e  u n d e rly in g  p ro cess  o f  
prim ary  a f f e r e n t  d e p o la r iz a t io n  (E cc le s , Kozak & Magni, 1961).
Because o f  th e  p a r a l l e l  between many o f  the  c h a r a c te r i s t i c s  
o f  th e  d ep ress io n  o f  th e  EPSP and o f  th e  d e p o la r iz a tio n  o f  p rim ary  
a f f e r e n t  f ib r e s  re sp o n s ib le  fo r  th e  d o rs a l  ro o t  r e f le x e s ,  i t  has 
been suggested  th a t  a  c a u sa l r e la t io n s h ip  m ight e x i s t  between th e  
two phenomena (E cc le s , E cc le s  & M agni, 1961$ E c c le s , 1961a, b ^
There i s  c o n s id e ra b le  ev idence th a t  a d e p o la r iz a t io n  o f  p re sy n a p tic
- 16 -
terminals results in a decrease in the amount of transmitter 
substance released from the terminals by a nerve impulse (Hagiwara 
& Tasaki, 1958$ Hubbard & Willis, 1962b$ Takeuchi & Takeuchi, 1962$ 
Eccles, Kostyuk & Schmidt, 1962c). The experiments to be described 
were designed to test the hypothesis that the EPSP depression 
discovered by Frank & Fuortes is due to a depolarization of 
presynaptic terminals.
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th e  example o f  <£PSP d ep re ss io n  d esc rib ed  by Frank & FuoBtes (1957), 
the  co n d itio n in g  in h ib i to r y  v o lley  was in  th e  ham string nerve and the 
EPSP was recorded  from a  gastrocnem ius m otoneurone. There was, 
however, no sy stem atic  study o f  th e  in h ib i to r y  e f fe c t iv e n e s s  o f  
d i f f e r e n t  muscle n e rv es  a c tin g  on d i f f e r e n t  sp ec ie s  o f  m otoneurones. 
In  a d e ta i le d  study which g re a t ly  extended th e  i n i t i a l  o b se rv a tio n s  
o f  Frank & F u o rte s , i t  was shown by E c c le s , E cc le s  & Magni (1961) 
th a t  th e  l a r g e s t  d e p re ss io n s  o f  the  EPSPs o f  bo th  f le x o r  and 
e x ten so r motoneurones o f  th e  hindlim b were produced by th e  n e rv es  
to  th e  p h y s io lo g ic a l f le x o r  m uscles o f  th e  knee, p o s te r io r  b ic e p s -  
sem itend inosus (PBST), and th e  ankle and d i g i t s ,  peronei^deep 
p e ro n ea l (PDP) • The n e rv e s  from ex ten so r m uscles were much le s s  
e f f e c t iv e .
The techn ique o f  i n t r a c e l l u l a r  re c o rd in g  from motoneurones 
o f f e r s  b o th  advantages and d isad v an tag es  in  the  study o f  EPSP 
d e p re s s io n . I n t r a c e l lu l a r  re co rd in g  p ro v id es  the  most e f f e c t iv e  
means o f  d isco v e rin g  w hether a d ep ress io n  o f  monosynaptic t r a n s ­
m ission  i s  produced by a d ep ress io n  o f  th e  EPSP o r by a change in  
th e  p ro p e r t ie s  o f  the  p o s tsy n a p tic  membrane. However, t h i s  
tech n iq u e  i s  la b o u rio u s  when i t  i s  d e s ire d  to  in v e s t ig a te  th e  
re sp o n ses  o f  la rg e  numbers o f  m otoneurones. For t h i s  re a so n , i t  i s  
p r o f i ta b le  to  supplem ent in fo rm atio n  gained from in t r a c e l lu l a r  
re c o rd in g  o f  m otoneurones by th a t  o b ta in ed  w ith  th e  monosynaptic 
r e f l e x  t e s t in g  o f  la rg e  p o p u la tio n s  o f  motoneurones (Renshaw, 1940$ 
1942$ Lloyd, 1941$ 1943a, b ) . As would be p re d ic te d , th e re  i s  a
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powerful and prolonged depression of the monosynaptic reflex 
discharge under the conditions suitable for the demonstration of 
EPSP depression (Eccles, Schmidt & Willis, 1962a)*
When brief tetanic stimulation of the PBST or PDP nerves 
was used to condition testing monosynaptic reflexes produced from 
extensor or flexor motor nuclei, there invariably resulted a 
depression with a prolonged time course, as illustrated by 
representative curves in Figs. 1 and 2.
reflex
In Fig. 1, a gastrocnemius-so leu s (GS) monosynapticvwas 
conditioned by 4 Group I volleys in the nerves either to PBST or to 
PDF. The test reflex was "non-facilitated,” i.e. there was no 
facilitatory GS volley before the test volley (see Methods for 
description of technique of facilitation). In the insets are 
sample records from which the inhibitory curves were in part 
derived, the testing intervals being indicated in milliseconds.
Fig. 1A, B shows results from an experiment on a decerebrate, 
unanaesthetized preparation, whereas Fig. 1C is from a spinal 
cat anaesthetized lightly with pentobarbital sodium. Depressions 
as powerful as that shown in Fig. 1C have been observed in de­
cerebrate preparations, while somewhat smaller effects, such as 
shown in Fig. 1A have been seen in spinal, anaesthetized prepara­
tions. The time course of these curves will be discussed below.
Similar results were pbtained when other extensor nerves 
were used to produce the testing monosynaptic reflex. For example, 
in Fig. 2A a ‘*non-facilitated” flexor digitorum & hallucis longus 
plus plantaris (FDHL-Pl) reflex was depressed by 4 Group I PBST 
volleys. When 4 Group I PDP volleys were used to condition the
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FDHL-Pl r e f l e x ,  th e  in h ib i to r y  curve (F ig . 2B) d if f e r e d  from th e  
o th e r  curves in  having a more pronounced d e p re ss io n  a t e a r ly  
i n te r v a l s ,  which presumably was due to  th e  su p e rp o sitio n  o f  p o s t-  
sy n ap tic  in h ib i t i o n .  F ig . 2A, B was from an u n an aes th e tized  
d e ce re b ra te  ca t*  F ig . 2C shows th a t  th e  same type o f  in h ib i to ry  
curve was produced when 4 Group I  v o lle y s  in  a  f le x o r  n e rv e , PDP, 
were used to  co n d itio n  a 11 f a c i l i t a t e d ” m onosynaptic r e f le x  produced 
by v o lle y s  in  ano ther f le x o r  n e rv e , PBST, in  a d ece reb ra te  c a t .
However, th e  ne rv es  to  ex ten so r m uscles were r e l a t iv e ly  
im potent in  producing t h i s  prolonged d e p re ss io n  o f  the  monosynaptic 
r e f l e x  d is c h a rg e . For example, in  F ig , 3 v o lle y s  in  the  n e rv es  to  
FDHL-Pl and to  sem im em branosus-anterior b ic e p s  (SMAB) acted  on a 
“n o n * f a c i l i ta te d ” GS monosynaptic r e f l e x .  The p re p a ra tio n  used fo r  
F ig . 3A was a d e ce re b ra te  c a t ,  w hile  t h a t  fo r  F ig , 3B was a  s p in a l ,  
a n ae s th e tiz e d  anim al. There may have been a sm all amount o f  
prolonged in h ib i t io n  when SMÄB was used as a co n d itio n in g  nerve in  
F ig . 3A, b u t th e  o th e r  in h ib i to r y  e f f e c t s  observed in  F ig , 3 had 
the  tim e course c h a r a c te r i s t i c  o f  p o s t sy n ap tic  in h ib i t io n  by Group 
lb  im p u lses.
The in h ib ito ry  curves o f  F ig , 4 i l l u s t r a t e  the  e f f e c t  o f  
co n d itio n in g  a monosynaptic r e f le x  o f  a f le x o r  motor n u c leu s , th a t  
th a t  o f  PBST, by a f f e r e n t  v o lle y s  in  e x te n so r  n e rv e s . F ig . 4A was 
from a d ece re b ra te  p re p a ra t io n , w hile  F ig ,  4B was from a s p in a l ,  
a n ae s th e tiz e d  anim al. F ig . 4A shows th a t  4 GS Group I  v o lle y s  
caused only a  s l ig h t  and b r i e f  d e p re ss io n  o f  the  ”n o n - f a c i l i t a te d 11 
FBST monosynaptic r e f l e x ,  w hile  4  FDHL-Pl v o lle y s  had a somewhat 
g re a te r  in h ib i to ry  a c t io n . In  th e  s p in a l  anim al (F ig . 4 ß ) , b o th
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4 quadriceps (k) and 4 SMAB Group I volleys produced a prolonged 
inhibition, similar to that observed when the conditioning volleys 
were in flexor nerves. The curve for 4 Q volleys in Fig 4B 
illu s tra te s  the most powerful inhibitory action that was observed 
in these experiments when volleys in extensor nerves were employed 
for conditioning monosynaptic reflexes.
I t  should be recognized that the inhibitory curves plotted 
in Figs. 1-4 would often be complicated to a considerable degree 
by postsynaptic inhibitory and excitatory actions. For example, 
the postsynaptic inhibitory action of Group la  volleys would be 
present in Fig. 2B, where the conditioning volley is  from muscles 
(PDP) antagonistic to those innervated by the motoneurones (FDHI^Pl) 
responding in the monosynaptic reflex (Lloyd, 1946a, b; Laporte & 
Lloyd, 1952; Eccles, Eccles & lundberg, 1957a, b ). Similarly, in 
Fig, 3 there would be a postsynaptic inhibitory action from lb 
volleys in the nerves to extensor muscles (FDHI^ -P1 or SfoiAB) onto 
the extensor motoneurones (GS) responding in the testing mono­
synaptic reflex (Granit, 195ü; 1952; Granit & Strom, 1951; Laporte 
& Lloyd, 1952; Eccles, Eccles & Lundberg, 1957c; R.M.Eccles & 
Lundberg, 1959b). On the other hand, in Fig. 4B i t  would be expects 
ed that Group lb volleys in extensor nerves (Q and SMAB) would exert 
a postsynaptic excitatory action on the flexor motoneurones (PBST) 
responding in the monosynaptic reflex (Granit, 1952; Laporte & Lloyd, 
1952; Eccles, Eccles & Lundberg, 1957c). The actions of Group lb 
afferents would be minimal in the decerebrate preparations due to 
the tonic descending inhibition of Lb pathways described by R.M. 
Eccles & Lundberg (1959a), as may be seen by comparing Fig. 4A
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w ith  4B. F in a l ly ,  th e re  was always th e  lik e lih o o d  th a t  the  
c o n d itio n in g  v o lle y s  con tained  an ap p rec iab le  adm ixture o f  Group I I  
im pulses; th e  s t im u li were ad ju sted  so as  to  be ju s t  maximal fo r  
Group I ,  which would be above th re sh o ld  o f  the  most e x c ita b le  
Group I I  f ib r e s  (R.M. E cc les  & üm dberg , 1959b; Hunt & P e r l ,  I9 6 0 ) . 
A ll th ese  ty p es  o f  p o s tsy n a p tic  in h ib i t io n  o r e x c i ta t io n  were o f  
sh o r t d u ra tio n  r e l a t i v e  to  the  in h ib i t io n s  shown in  Figs* 1 , 2 and 
4* The maximal d u ra tio n s  in  th e  an ae s th e tiz e d  s p in a l p re p a ra t io n  
are no more than  30  msec fo r  Group lb  o r  I I  in h ib i t io n  o r  e x c i ta t io n  
(E cc le s , E cc les  & Lundberg, 1957c; R.M. E cc les  & Lundberg, 1959b), 
and are much le s s  fo r  th e  Group l a  in h ib i t io n  (Lloyd, 1946a; B rad ley , 
E aston  & E c c le s , 1953).
Another type o f  p o s tsy n a p tie  in h ib i t io n  which could be in  
p a r t  re sp o n s ib le  fo r th e  observed in h ib i t io n s  i s  Renshaw o r 
re c u r re n t  in h ib i t i o n .  I f  th e  co n d itio n in g  v o lle y s  them selves 
produce a r e f le x  d isch a rg e  o f  m otoneurones, Renshaw c e l l s  may be 
a c t iv a te d  by way o f  r e c u r re n t  c o l l a t e r a l s  o f  the  motor axons, and 
th e se  may in  tu rn  produce IPSPs in  a v a r ie ty  o f  motoneurones 
(Renshaw,1946a; E c c le s , F a t t  & Koketsu, 1954). However, E c c le s , 
E c c le s , Iggo & I to  (1961) found, when u s in g  maximal an tid rom ic 
v o lle y s , th e  a p p ro p ria te  d o rs a l  ro o ts  be ing  c u t ,  th a t  th e re  was 
l i t t l e  o r no re c u r re n t  in h ib i t io n  tinder th e  c o n d itio n s  t h a t  would 
o b ta in  in  many o f  th e se  ex p erim en ts. For example, maximal a n t i ­
dromic PBST v o lle y s  produced very l i t t l e  re c u r re n t  in h ib i t io n  in  
FDHL-P1 m otoneurones; hence, i t  i s  u n lik e ly  th a t  th e  r e c u r re n t  
in h ib i t io n  a r is in g  from th e  d isc h a rg e s  produced by th e  c o n d itio n in g  
v o lle y s  in  th e  PBST nerve would c o n tr ib u te  ap p reciab ly  to  th e  la rg e
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d ep re ss io n  o f  th e  FDHL-P1 monosynaptic r e f le x  in  F ig . 2A. L ikew ise, 
in  F ig . 3JB (PDP c o n d itio n in g  a GS r e f le x )  and in  F ig . 2B (PDP 
c o n d itio n in g  an FDHL-Pl r e f le x )  th e  in h ib i to ry  cu rves p robab ly  have 
very  l i t t l e  adm ixture o f  re c u r re n t  in h ib i t i o n .  In o th e r  cu rv es  in  
which some re c u r re n t  in h ib i t io n  might be expec ted , i t  could 
c o n tr ib u te  only  to  th e  e a r ly  p a r t  o f  the  cu rv es , s ince  maximally 
a c tiv a te d  Renshaw c e l l s  u su a lly  d isch a rg e  only fo r  about 5^ msec 
(Renshaw, 1946a; E c c le s , F a t t  & Koketsu, 1954; E c c le s , E c c le s , Iggo 
& I t o ,  1961); and t h i s  d u ra tio n  would be b u t l i t t l e  in c re a se d  by th e  
b r i e f  r e p e t i t iv e  s tim u la tio n  employed in  th e se  exp erim en ts ,
2 .  Time Course o f  EPSP D epression . The d e p re ss io n  o f  th e  
m onosynaptic EPSP by a s in g le  co n d itio n in g  v o lley  was shown by 
E c c le s , E cc les  & Magni ( l9 6 l)  to  beg in  a t  t e s t in g  in te r v a l s  o f  about 
5 msec, to  reach  a maximum a t  in te r v a ls  o f  10-20 msec, and to  l a s t  
200 msec o r more (see t h e i r  F ig . l ) .  The d ep re ss io n  o f  th e  mono­
sy n ap tic  r e f le x  by b r i e f  t e ta n ic  s tim u la tio n  o f  f le x o r  n e rv es  
(F ig s , 1 and 2) had th e  same tim e course as th e  EPSP d e p re s s io n .
For in s ta n c e , th e  curve o f  F ig . 1C shows th a t  th e re  was some 
d ep re ss io n  o f  th e  GS monosynaptic r e f le x  when the  f i r s t  o f  th e  4 
c o n d itio n in g  v o lle y s  in  th e  PBST nerve preceded the  r e f le x  by an 
in te r v a l  as sh o rt as 9 msec; th e  d ep re ss io n  reached a maximum w ith in  
30 msec a f t e r  th e  l a s t  c o n d itio n in g  v o lle y , and th e  d u ra tio n  was 
hundreds o f  msec. However, as mentioned p re v io u s ly , th e  e a r ly  p a r t  
o f  in h ib i to r y  curves such as those  shown in  F ig s . 1 & 2 were o f te n  
com plicated  by su p e rp o s itio n  o f  in h ib i t io n  o r  f a c i l i t a t i o n  due to  
p o s t sy n ap tic  a c tio n .
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degree o f  EPSP d ep ress io n  which can be produced by s tim u la tio n  o f  a 
c o n d itio n in g  nerve i s  g re a t ly  enhanced by b r i e f  r e p e t i t iv e  s tim u la ­
t i o n .  For in s ta n c e , E c c le s , E cc les  & Magni ( l9 6 l)  show in  t h e i r  
F ig . 2 th e  much g re a te r  e f fe c t iv e n e s s  o f  2 o r 7 PBST c o n d itio n in g  
v o lle y s  th an  a s in g le  v o lle y  upon a P i EPSP. These w orkers a lso  
dem onstrated  t h a t  du rin g  a m ain tained  r e p e t i t iv e  s t im u la tio n  o f  
th e  co n d itio n in g  n erv e , th e re  was a  ra p id  in c rease  in  th e  amount o f  
EPSP d e p re ss io n , the  maximum be ing  reached w ith  a few im p u lse s .
I f  th e  s tim u la tio n  was continued  a f t e r  th e  maximum d e p re ss io n  was 
reach ed , th e  degree o f  EPSP d ep re ss io n  d ec lin ed  slowly tow ards an 
in te rm e d ia te  l e v e l .  When d i f f e r e n t  freq u e n c ie s  o f  r e p e t i t i v e  
s tim u la tio n  were t r i e d ,  i t  was found th a t  more than  h a l f  th e  
maximum d ep ress io n  could be produced by a te ta n u s  w ith  a  frequency 
o f  6 5 /s e c , w hile n e a r ly  maximal d e p re ss io n  was produced by t e t a n i  
w ith  freq u e n c ie s  around 2 0 0 /se c . A fte r prolonged r e p e t i t i v e  
s tim u la tio n  o f  th e  c o n d itio n in g  n e rv e , th e re  was a p o s t te ta n ic  
p o te n t ia t io n  o f  th e  EPSP d e p re ss io n  l a s t i n g  over a  m inu te . 
A pparen tly , th e re  was no a ttem p t to  study s p a t i a l  summation o f  th e  
e f f e c t s  o f  v o lle y s  in  d i f f e r e n t  n e rv e s .
A s im ila r  r e la t io n s h ip  between r e p e t i t iv e  s t im u la tio n  and 
th e  degree o f  EPSP d e p re ss io n  was shown by monosynaptic r e f l e x  
t e s t in g  (E cc le s, Schmidt & W il l i s ,  1962a). B r ie f  r e p e t i t i v e  
s tim u la tio n  was much more e f f e c t iv e  th an  s in g le  s tim u la tio n  in  
red u c in g  th e  m onosynaptic r e f l e x .  In  some c a se s , th e re  was a  
f a c i l i t a t i o n ,  2 c o n d itio n in g  v o lle y s  p roducing  more than  tw ice  th e  
d ep re ss io n  produced by one . In  a d d it io n , i t  was shown t h a t  a
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s in g le  v o lley  in  1 c o n d itio n in g  nerve cen f a c i l i t a t e  th e  e f f e c t  o f  a 
s in g le  v o lle y  in  ano ther co n d itio n in g  n e rv e . For in s ta n c e , in  F ig . 
5A, th e re  was a sm all dep ress io n  o f  a " f a c i l i t a t e d "  Gß m onosynaptic 
r e f le x  by a s in g le  co n d itio n in g  PBST v o lley  (open c i r c l e s ) .
A s in g le  PDP v o lle y  produced a la rg e  e a r ly  d e p re ss io n , probab ly  a 
Group l a  in h ib i t io n ,  and t h i s  was follow ed by a prolonged t a i l  o f  
in h ib i t io n  ( f i l l e d  c i r c l e s  in  F ig . 5A & B ). When th e  same t e s t i n g  
r e f l e x  was cond itioned  by s in g le  v o lle y s  s e t  up sim u ltaneously  in  
th e  n e rv es  to  PB3T and to  PDP (F ig . f>A, c ro s se s )  o r when i t  was 
co n d itio n ed  by 2 su ccessiv e  v o lle y s  in  PDP a t an in te r v a l  o f  3 .7  
msec (F ig . $B, open c i r c l e s ) ,  the  prolonged d e p re ss io n  was much 
in c re a s e d . The s p a t i a l  f a c i l i t a t i o n  in  F ig . $A su g g es ts  t h a t  th e re  
i s  a convergence o f  v o lle y s  in  d i f f e r e n t  n e rv es  upon some i n t e r -  
n eu ro n a l l in k  in  th e  pathway p roducing  th e  in h ib i to r y  e f f e c t .  
S im ila r ly , F ig $B in d ic a te s  th a t  th e re  i s  tem poral f a c i l i t a t i o n  a t  
some synapse on th e  pathway re sp o n s ib le  fo r  th e  prolonged d e p re ss io n .
The e f fe c t iv e n e s s  o f  prolonged r e p e t i t i v e  s tim u la tio n  in  
reduc ing  th e  m onosynaptic r e f le x  was n o t s tu d ie d . However, p o s t -  
t e ta n ic  p o te n t ia t io n  was dem onstrated  a f t e r  a prolonged r e p e t i t i v e  
s tim u la tio n  o f  th e  c o n d itio n in g  n e rv e . F ig .6 shows th e  r e s u l t  o f  
an experim ent in  which th e  d ep re ss io n  produced by a s in g le  Group I  
PDP v o lle y  in  th e  " f a c i l i t a t e d "  monosynaptic r e f l e x  o f  FDHL-Pl was 
in c reased  a f te r  th e  PDP nerve was t e t a n i c a l ly  s tim u la ted  fo r  15 sec 
a t  2 2 0 /se c . The in te r v a l  between th e  co n d itio n in g  v o lle y  and th e  
t e s t  r e f l e x  was 60 msec, which should have been long enough to  avoid 
th e  co m plica tion  o f  any p o s tsy n a p tic  in h ib i to r y  e f f e c t s .  The 
d e p re ss io n  was s e v e ra l tim es g re a te r  than  th e  c o n tro l d e p re ss io n
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w ith in  2 .5  sec a f t e r  th e  te ta n u s (F ig . 6C & G), and i t  re tu rn e d  
toward th e  p re te ta n ic  le v e l  fo r  more th an  80 sec (F ig . 6D-G).
In  t h e i r  study o f  EPSP d e p re ss io n , E c c le s , E cc le s  & Magni ( l9 6 l)  
showed th a t  th e  a f fe re n t  f ib r e s  o f  c o n d itio n in g  n e rv es  which were 
re sp o n s ib le  fo r  the  d e p re ss io n  belonged b o th  to  Group l a  and to  l b .  
The method which they  employed to  show t h i s  was based on th e  
o b se rv a tio n  th a t  th e  two components o f  th e  Group I  v o lle y  o f  c e r ta in  
ne rv es  o f  th e  hindlim b o f te n  show a th re sh o ld  and conduction  
v e lo c i ty  se p a ra tio n  (B radley & E c c le s , 1953; E c c le s , E cc le s  & 
Iundberg , 1957a; Laporte & Bessou, 1957; 1959)* A double s tim u lu s  
techn ique was in tro d u ced  by B radley  & E c c le s  (1953) to  r e l a t e  
s tim u lu s  s tre n g th  to  th e  p ro p o rtio n  o f  Group l a  and lb  f ib r e s  
inc luded  in  the  v o lle y . By p la c in g  two s tim u li a t  a  c lo se  in te r v a l ,  
so t h a t  th e  second f e l l  w ith in  the  r e f r a c to r y  p e rio d  o f  th e  f i r s t ,  
i t  was p o s s ib le  in  many ex p erim en ta l anim als to  dem onstrate  a 
com plete th re sh o ld  se p a ra tio n  in  th e  l a  and lb  components by 
ob serv in g  th e  d e f i c i t  in  th e  second v o lle y  produced by a l t e r in g  the 
s tre n g th  o f  s tim u la tio n  o f  th e  f i r s t  v o l le y .  E c c le s , E c c le s  & Magni 
( l9 6 l)  found th a t  by u s in g  th e  PBST n e rv e , which i s  very e f f e c t iv e  
in  p roducing  EPSP d ep re ss io n  and which i s  a lso  one o f  th e  n erves 
th a t  o f te n  d is p la y s  a  I a - Ib  th re sh o ld  s e p a ra t io n , i t  was p o s s ib le  
to  c o r r e la te  th e  s tim u lu s  s tre n g th  w ith  th e  l a  and lb  f ib r e  popula­
t io n  s tim u la ted  and w ith  th e  degree o f  EPSP d e p re s s io n . Although 
the  p ro p o rtio n s  o f  th e  EPSP d e p re ss io n  c o n tr ib u te d  by th e  l a  and lb  
f ib r e s  v a r ie d  from experim ent to  experim en t, b o th  d id  c o n tr ib u te .
In  some experim ents th e  a d d itio n  o f  h ig h  th re sh o ld  muscle a f f e r e n t
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f ib r e s  to  th e  c o n d itio n in g  v o lle y s  may have added a sm all amount 
o f  EPSP d ep re ss io n  to  th a t  due to  th e  a c tio n  o f  the  low th re sh o ld  
f ib r e s  (E cc le s , E cc le s  & Magni, 1961, t h e i r  F ig . 5) ;  y e t  th e re  was 
no evidence th a t  the  h ig h  th re sh o ld  f ib r e s  p layed a s ig n i f ic a n t  
r o l e .  Nor d id  cu taneous f ib r e s  produce any EPSP d e p re ss io n . There 
has been no a ttem pt to  f in d  o u t w hether jo in t  a f fe re n t  f ib r e s  
produce EPSP d e p re s s io n .
The a f fe re n t  f ib r e s  re sp o n s ib le  fo r  EPSP d ep ress io n  were 
a lso  s tu d ied  by m onosynaptic r e f l e x  te s t in g *  F ig . 7 shows the  
c o n tr ib u tio n  which th e  v a rio u s  ty p es  o f  muscle a f fe re n t  f ib r e s  o f  
the PBST nerve made to  the  d ep re ss io n  o f  a “f a c i l i t a t e d 11 mono­
sy n ap tic  FDHL-P1 r e f l e x .  There were 4  c o n d itio n in g  v o lle y s  a t  a 
t e s t i n g  in te r v a l  o f  60 msec. The r e la t io n s h ip  between th e  stim u lus 
s tre n g th  and the  I  a - lb  com position was determ ined by th e  double 
s tim u lu s  te ch n iq u e , u s in g  one o f  the  4 c o n d itio n in g  v o lle y s  
follow ed by ano ther v o lle y  j u s t  supramaximal fo r  th e  Group I  f ib r e s  
in  th e  PBST nerve (F ig . 7H-L, N ). S im ila r r e la t io n s h ip s  would hold 
fo r  th e  o th e r  3 c o n d itio n in g  v o lle y s , s in ce  a l l  4  changed to g e th e r  
as th e  s tim u lu s  s t r e n g th  was v a r ie d . In  F ig . 7A-F are sample 
re c o rd s  from the  s e r ie s  used to  p lo t  th e  curve o f  F ig . 7M, which 
r e l a t e s  th e  amount o f  r e f le x  d ep ress io n  to  th e  s tre n g th  o f  s tim u la ­
t io n  o f  th e  c o n d itio n in g  n e rv e . Sample re c o rd s  o f  th e  double 
s tim u lu s  s e r ie s  used fo r  N are  shown in  H-L (c o n tro l in  G), each 
be in g  p laced  below th e  a p p ro p ria te  reco rd  showing th e  d ep re ss io n  
o f  th e  r e f le x  spike (B-F).  For in s ta n c e , th e  double stim ulus 
reco rd  o f  F ig . 7H (see a lso  N) shows th a t  a t  a  s tre n g th  o f
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s tim u la tio n  1 ,5  tim es th re sh o ld  o f  the  most e x c ita b le  f i b r e s ,  th e  
Group l a  component was more th an  h a l f  maximum, w hile no Group lb  
f ib r e s  had been s tim u la te d . In  F ig , 7B, th e  r e f le x  sp ike i s  seen 
to  be decreased  s l ig h t ly  by th e  same stim u lus s tr e n g th . The amount 
o f  d e p re ss io n  in c re ase d  w ith  th e  s iz e  o f  th e  Group I  v o lle y , u n t i l  
a l l  th e  Group lb  f ib r e s  were in c lu d e d . As shown in  M, th e  a d d itio n  
o f  Group I I  im pulses by s tim u lu s  s tre n g th s  up to  10 tim es th re sh o ld  
(R JI. E cc le s  & Lundberg, 1959b) f a i le d  to  in c re a se  th e  amount o f  
d e p re ss io n ,
5* D iscu ssio n . There can be no doubt th a t  th e  EPSP 
d e p re ss io n  d esc rib ed  by Frank & F u o rtes  (1957) r e s u l t s  in  a  p ro lo n g ­
ed d e p re ss io n  o f  the  m onosynaptic r e f l e x .  A r e f le x  d ep re ss io n  
has now been d e sc rib ed  which i s  p re c is e ly  th e  e f f e c t  t h a t  would 
be expected  from th e  EPSP d e p re ss io n  in  term s o f  the m uscle n e rv es  
in v o lv ed , th e  tim e co u rse , th e  e f f e c t s  o f  r e p e t i t iv e  s t im u la t io n , 
and th e  ty p es  o f  a f f e r e n t  f ib r e s  re sp o n s ib le  fo r  the  in h ib i t i o n .
T his f in d in g  i s  o f  p a r t i c u la r  i n t e r e s t  s ince  i t  p ro v id es  an 
e x p lan a tio n  o f  a number o f  in h ib i t io n s  which have been observed by 
v a rio u s  w orkers, b u t which have never been f u l ly  exp lained  by 
p o s tsy n a p tic  in h ib i t i o n .
For in s ta n c e , L id d e ll  and S h e rrin g to n  (1925) and Cooper and 
Creed (1927) d e sc rib ed  an in h ib i t io n  o f  a quadriceps s t r e t c h  r e f l e x ,  
which was produced by adequate s tim u la tio n  o f  th e  muscle r e c e p to r s  
o f  th e  ham string m uscles and which was n o t depressed  even by 
convulsive  doses o f  s try c h n in e . Since s try ch n in e  reduces o r  
ab o lish e s  a l l  p o s tsy n a p tic  in h ib i t io n s  (B rad ley , E aston  & E c c le s , 
1953; F a t t ,  1954; E c c le s , 1957; C u r t is ,  1959; Longo, 1961), b u t has 
l i t t l e  o r no a c tio n  on th e  prolonged type  o f  in h ib i t io n  (E cc le s ,
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1962; E c c le s , Schmidt & W il l i s ,  unpublished  o b s e rv a tio n s ) ,  i t  
seems c e r ta in  th a t  th e  adequate s tim u la tio n  o f  ham string  r e c e p to r s  
was a c tin g  a t l e a s t  p a r t ly  by th e  p ro d uction  o f  EPSP dep ress io n *
Another study o f  an in h ib ito ry  a c tio n  th a t  was p robab ly  
due to  EPSP d ep ress io n  was th a t  o f  Renshaw (1942). He found th a t  
the  monosynaptic r e f l e x  produced by s tim u la tio n  o f  th e  16 d o rs a l  
ro o t  and recorded  in  th e  nerve to  v a stu s  in te rn u s  was in h ib i te d  by 
a co n d itio n in g  v o lley  in  th e  L7 d o rs a l  r o o t  fo r  a p e rio d  o f  n e a r ly  
200 m sec, A s im ila r  in h ib i t io n  was produced when th e  ham string  o r 
th e  p e ro n ea l nerve was used fo r  co n d itio n in g  r a th e r  th an  th e  L7 
d o rs a l  r o o t .
B rad ley , E aston  and E cc le s  (1953) showed t h a t ,  when 
r e p e t i t iv e  s tim u la tio n  o f  th e  Q nerve a t  Group I  s tre n g th  was used 
to  c o n d itio n  a PBST m onosynaptic r e f le x ,  a secondary in h ib i t io n  
o f te n  occurred  in  a d d itio n  to  th e  expected Group l a  in h ib i t io n ;  the  
secondary in h ib i t io n  la s te d  fo r  as long as 80 m sec. They a t t r ib u te d  
t h i s  prolonged in h ib i t io n  to  th e  continued  bombardment o f  th e  moto- 
neurones by in h ib i to ry  im pulses from in te rn e u ro n e s , b u t th e  e f f e c t  
was probab ly  due to  EPSP d e p re ss io n  and would resem ble t h a t  
i l l u s t r a t e d  in  F ig . 4B,
Kuno and P e rl (i960) re p o rte d  th a t  they  have confirm ed the  
f in d in g s  o f  e a r l i e r  w orkers t h a t  some r e f l e x  e f f e c t s  o f  f le x o r  
r e f le x  a f f e r e n ts  which are p re s e n t in  s p in a l anim als are ab sen t in  
d e c e re b ra te  an im als. In  c o n tra s t  to  in h ib i t io n s  produced using  
most com binations o f n e rv e s , an in h ib i t io n  was p re s e n t  in  th e  
d e ce re b ra te  p re p a ra tio n  when th e  PBST nerve was used to  c o n d itio n  
th e  m onosynaptic r e f le x  o f  t r i c e p s  su ra e , and t h i s  in h ib i t i o n  was
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l i t t l e  ch&nged when th e  s p in a l cord was sev e red . The v o lle y s  used 
in  th e  FBST nerve to  produce th e  in h ib i t io n  inc luded  th e  Group I I  
a f f e r e n ts ,  so i t  i s  n o t known i f  th e  in h ib i t io n  was produced by Group 
I  Im pulses a lo n e ; o therw ise  th e  in h ib i t io n  th ey  re p o rte d  was 
com patib le w ith  EPSP d ep ress io n  „(c f .  Holm qvist F: Lund b e rg , 1 9 6 1 ).
In  in v e s t ig a t io n s  o f  th e  monosynaptic r e f le x  pathway in  
k i t t e n s ,  Malcolm (1955) and Skogjund (i960) found th a t  a c o n d itio n ­
ing v o lley  in  a muscle nerve could in h ib i t  a monosynaptic r e f l e x  fo r  
as long as 800 msec. Skoglund found t h i s  prolonged form o f  
in h ib i t io n  only  when f le x o r  nerves were used to  co n d itio n  e x te n so r  
m onosynaptic r e f le x e s .  When ex ten so r ne rv es  cond itioned  f le x o r  
m onosynaptic r e f le x e s ,  only a s h o r t - la s t in g  in h ib i t io n  was found .
He does n o t m ention w hether he looked fo r  an in h ib i t io n  o f  f le x o r  
m onosynaptic r e f le x e s  by co n d itio n in g  v o lle y s  in  f le x o r  n e rv e s .
In  a l a t e r  s e c t io n , a re  in v e s t ig a t io n  o f prolonged in h ib i t io n  in  
k i t t e n s  w i l l  be d e sc r ib e d , and i t  w i l l  be shown th a t  th e  in h ib i t io n  
i s  due in  p a r t  to  EPSP d ep ress io n  and in  p a r t  to  homosynaptic 
d ep ress io n  secondary to  very  la rg e  d o rs a l  ro o t  r e f le x e s .
I t  i s  perhaps o f  some i n t e r e s t  t h a t  B rooks, E cc les  &
Malcolm re p o rte d  an EPSP d ep re ss io n  as e a r ly  as 1948. They were 
employing e x t r a c e l lu la r  re c o rd in g  o f fo c a l sy n ap tic  p o te n t i a l s  in  
the  motor nucleus and observed a d ep re ss io n  o f  the  orthodrom ic 
sp ike and sy n ap tic  p o te n t ia l  from s tim u la tio n  o f  the  L6 d o r s a l  ro o t  
by an in h ib i to r y  v o lle y  in  th e  I»7 d o rs a l  r o o t .  They a t t r ib u te d  t h i s  
to  a blockage o f  p re sy n a p tic  im pulses by c a te le c tro n to n ic  
d e p re ss io n , as o r ig in a l ly  suggested  by Barron & Matthews (1935b, c; 
1938a). A s im ila r  phenomenon was d e sc rib ed  by McCulloch, L e ttv in ,
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P i t t s  & D e ll in  1952. S tim u la tio n  o f th e  r e t i c u l a r  form ation  
produced a d o rs a l  ro o t  p o te n t ia l  and reduced the  fo c a l sy n ap tic  
p o te n t ia l  and th e  sp ike p o te n t ia l  superimposed thereon  recorded  
in  th e  gastrocnem ius motor n u c leu s . Since th e  au tho rs  in te rp re te d  
th e  fo c a l sy n ap tic  p o te n t ia l  as a p re sy n ap tic  p o te n t ia l ,  they  
suggested th a t  th e  in h ib i t io n  o f the  sp ike p o te n t ia l  r e s u l te d  from 
blockage o f  a f fe re n t  im p u lses, presum ably due to  e l e c t r i c a l  i n t e r ­
a c t io n . The fo c a l sy n ap tic  p o te n t ia l  has been shown to  be the  
e x t r a c e l lu la r  c o r r e la te  o f  th e  EPSP (Brock, Coombs & E c e le s , 1952), 
so th e  p re se n t in te r p r e ta t io n  o f th e se  r e s u l t s  would be th a t  
r e t i c u l a r  form ation s tim u la tio n  re s u l te d  in  an EPSP d ep re ss io n  which 
was undoubtedly th e  same type o f  d ep re ss io n  as th a t  d e sc rib ed  by 
Frank & F u ortes  (1957). The a s so c ia tio n  o f  t h i s  EPSP d ep re ss io n  
w ith  a d o rs a l  ro o t p o te n t ia l  confirm s t h i s  su p p o s itio n , f o r ,  as th e  
n e x t se c tio n  shows, th e re  i s  a  very c lo se  c o r re la t io n  between EPSP 
d ep re ss io n  and prim ary a f fe re n t  d e p o la r iz a t io n .
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G. C h a r a c te r is t ic s  o f  Prim ary A fferen t D e p o la r iza tio n  &£ Group Lg.
F ib re s
1 . Types o f  Nerv e s  R esponsible fo r  Prim ary A ffe ren t
Dep o la r iz a t io n  o f  I& Fib r e s .  I f  th e  h y p o th esis  th a t  th e  EPSP 
d ep re ss io n  o f  Frank & F u o rte s  (1957) r e s u l t s  from a d e p o la r iz a tio n  
o f  prim ary a f fe re n t  f ib r e s  (E cc le s , E cc les  & Magni, 1961; E c c le s , 
1961a, b) i s  c o r r e c t ,  th e re  should be a  s t r i c t  c o r r e la t io n  between 
them under a l l  ex p erim en ta l c o n d itio n s . Although re c o rd s  o f  th e  
d o rs a l  ro o t r e f le x e s  produced by muscle nerves and recorded  in  
muscle n e rv es  (E cc le s , Kozak & Magni, 196l) p rov ide  a g re a t  d e a l 
o f  in fo rm atio n  about p rim ary  a f fe re n t  d e p o la r iz a t io n  (PAD), they  
lack  s p e c i f ic i ty  in  t h a t  i t  i s  d i f f i c u l t  to  sep a ra te  d o rs a l  ro o t  
r e f le x e s  conducted in  Group l a  f ib r e s  from th o se  in  lb  o r o th e r 
f i b r e s .  D orsal ro o t  p o te n t i a l s  and cord p o te n t ia l s  are even le s s  
s p e c i f ic ,  s ince  they  do n o t even show which n erv es  co n ta in  de­
p o la r iz e d  f ib r e s  (see s e c tio n  V). However, th e re  are two methods 
which can be employed to  g ive  s p e c if ic  in fo rm atio n  about PAD o f  
Group l a  and lb  f ib r e s !  e x c i t a b i l i t y  t e s t in g  and i n t r a c e l lu l a r  
re co rd in g  from prim ary a f f e r e n t  f i b r e s .  Another techn ique fo r 
dem onstrating  a la rg e  d e p o la r iz a t io n  o f  Group l a  f ib r e s  w i l l  be 
d e sc rib ed  in  the  se c tio n  concerned w ith  experim ents on k i t t e n s .
A d e p o la r iz a t io n  o f  Group l a  f ib r e s  was d e te c te d  by a 
m o d if ica tio n  o f  th e  tech n iq u e  developed by W all and h is  co-w orkers 
(W all, McCulloch, L e ttv in  & P i t t s ,  1956; W all, 195^) fo r  study ing  
e x c i t a b i l i t y  changes o f  a f f e r e n t  f ib r e s  w ith in  th e  s p in a l co rd .
A low re s is ta n c e  g la s s  m ic ro e lec tro d e  (1-2 megohms) f i l l e d  w ith  
4M NaCl was in s e r te d  in to  th e  cord dorsum w ith  a l a t e r a l  angle
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so t h a t  th e  p a th  o f  th e  m ic ro e lec tro d e  was p a r a l l e l  to  th e  ro u te  
o f  th e  Group I  f ib r e s  as th ey  course in to  th e  in te rm e d ia te  and motor 
n u c le i  (F ig . BE). B r ie f  p u ls e s  o f  c u rre n t (0 .1 -0 .2  msec) were 
passed  between th e  m ic ro e lec tro d e  and an in d i f f e r e n t  e le c t ro d e ,  so 
s tim u la tin g  e x c ita b le  s t r u c tu r e s  near th e  m ic ro e le c tro d e . S ince 
th e  v e n tr a l  ro o ts  were c u t ,  th e  only  a c t i v i ty  which could be 
reco rded  from p e r ip h e ra l  n e rv es  as a r e s u l t  o f  th e  c e n t r a l  s tim u la ­
t io n  was t h a t  o f  a n tid ro m ic a lly  conducted im pulses in  prim ary 
a f f e r e n t  f i b r e s .  The r a p id ly  conducting muscle a f f e r e n t  f ib r e s  
(Group I )  produced a synchronous sp ike p o te n t ia l  in  muscle n e rv e s , 
so th a t  th e  am plitude o f  t h i s  spike was approxim ately  p ro p o r tio n a l 
to  th e  number o f  f ib r e s  c o n tr ib u tin g  to  th e  sp ik e .
The an tid rom ic  sp ik e s  produced in  the  f le x o r  d ig ito ru m  
and h a l lu c is  longus nerve  (FDHL) by s tim u li  o f  v a r io u s  s t r e n g th s  in  
th e  motor nucleus are  shown in  F ig . BA and D. S ince th e re  i s  
ev idence th a t  Group lb  f ib r e s  do n o t extend in to  th e  motor n u c leu s  
(E cc le s , F a t t ,  Landgren & W insbury, 1954), th e  an tid rom ic  sp ike 
would be composed e n t i r e ly  o f  Group l a  im p u lses. A range o f  
s tim u lu s  s tre n g th s  was employed ( in d ic a te d  in  v o l t s )  so t h a t  a  
p ro g re s s iv e ly  la rg e r  p o p u la tio n  o f  a f f e r e n t  f ib r e s  was f i r e d .  When 
a co n d itio n in g  v o lle y  in  th e  FBST nerve preceded th e  c e n t r a l  
s tim u lu s  a t an a p p ro p ria te  in te r v a l ,  th e  an tid rom ic  sp ike a t  any 
g iven  c e n tr a l  s tim u lu s  s tre n g th  was s l ig h t ly  la r g e r  th an  th e  spike 
produced by the  same c e n t r a l  s tim u lu s  w ithou t th e  c o n d itio n in g  
v o lle y  (F ig . 8B). When 2 PBST v o lle y s  were used fo r  c o n d itio n in g , 
th e  sp ik es  were much la r g e r  than  th e  c o n tro l sp ik es  (F ig . 8C ). 
E v id e n tly , th e  c o n d itio n in g  v o lle y s  made th e  p o p u la tio n  o f  a f f e r e n t
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f ib r e s  surrounding the  m icro e lec tro d e  more e x c ita b le  so t h a t  a  
given stim u lus f i r e d  a  g re a te r  number. A measure o f  the  degree 
o f  change in  e x c i t a b i l i t y  can be o b ta in ed  by th e  r a t i o  o f  th e  
s tim u lus s tre n g th s  to  produce a  sp ike o f  a g iven  am plitude w ith o u t 
and w ith  c o n d itio n in g  ( c f .  Graham & Io re n te  de No, 1933; Rudin & 
Eisenman, 1953; 1954a). T his procedure i s  i l l u s t r a t e d  in  F ig . 9 , 
in  which th e  am plitudes o f  th e  sp ik es  shown in  F ig . 8A-D are  
p lo t te d  in  mV a g a in s t th e  s tim u lu s  s tre n g th s  in  v o l t s .  The symbols 
used fo r th e  2 c o n tro l s e r ie s  and th e  2 co n d itio n in g  s e r ie s  are 
in d ic a te d  in  the  f ig u r e .  The h o r iz o n ta l  broken l in e s  correspond  to  
th re e  d i f f e r e n t  s iz e s  o f  sp ike p o t e n t i a l .  The r a t i o s  o f  th e  voltage« 
re q u ire d  to  produce sp ik es  o f  th e se  am plitudes when th e re  were no 
c o n d itio n in g  v o lle y s  and when th e re  were 2 PBST c o n d itio n in g  
v o lle y s  were c a lc u la te d  to  be 121/100, 124/100 and 124/100, g iv in g  
a mean o f  123$ fo r the  e x c i t a b i l i t y  o f  th e  f ib r e s  r e l a t iv e  to  th e  
c o n tro l e x c i t a b i l i t y .  Using the  same method, the  e x c i t a b i l i t y  o f  
th e  f ib r e s  was in c re a se d  only  to  102$ by a  s in g le  PBST c o n d itio n in g  
v o lle y .
A study was made o f  th e  changes in  e x c i t a b i l i t y  o f  Group l a  
f ib r e s  be long ing  to  a  v a r ie ty  o f  nerves over a wide range o f  
segm ental le v e l s .  B r ie f  t e ta n ic  s tim u la tio n  (4 Group I  v o lle y s  a t 
3 00 /sec) o f  th e  c o n d itio n in g  nerves was employed, and an in t e r v a l  
between th e  c o n d itio n in g  v o lle y s  and the  t e s t i n g  an tid rom ic  sp ike  
was s e le c te d  fo r  d is p la y in g  th e  g re a te s t  e x c i t a b i l i t y  in c r e a s e s .
The an tid rom ic  sp ike produced by c e n tr a l  s tim u la tio n  th ro u g h  a 
m ic ro e lec tro d e  in c luded  only Group l a  f i b r e s ,  s ince  the  e le c tro d e  
was in s e r te d  in to  th e  m otor n u c leu s . The r e s u l t s  are  shown in  
Table 1 . The nerv es  which produced th e  g r e a te s t  e x c i t a b i l i t y
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in c re a s e s , b o th  o f  f le x o r  and o f  e x ten so r Group l a  f ib r e s ,  were 
PBST and PDP. The o th e r  f le x o r  nerves employed, te n so r  fa s c ia e  
l a t s e  (TFL), s a r to r iu s  (SART) and g r a c i l i s  (GRAG), a lso  had 
co n sid e ra b le  a c tio n s , e s p e c ia l ly  a t  th e  more r o s t r a l  segm ental 
l e v e l s .  Of the  e x ten so r n e rv e s , on ly  VC and re c tu s  fem oris (RF) had 
any ap p rec iab le  e f f e c t .
More d i r e c t  evidence o f  a d e p o la r iz a t io n  o f  Group l a  f ib r e s  
was o b ta in ed  by in t r a c e l l u l a r  re c o rd in g  from the  f ib r e s .  The 
techn ique  was s im ila r  to  t h a t  o f  p rev io u s  w orkers (Koketsu, 1956a, 
b ; E cc les  & K m jev ic , 1959a, b) and i s  shown diagram m atic a l ly  in  
F ig , 101. A g la s s  micro e le c tro d e  f i l l e d  w ith  3^ KC1 ( r e s is ta n c e  
10-15 megohms) was in s e r te d  in to  th e  cord dorsum to dep th s  up to  
1 .5  mm. When a prim ary a f f e r e n t  f ib r e  was p e n e tra te d , i t  could be 
id e n t i f i e d  by the  b r i e f  la te n c y  sp ike  p o te n t ia l  produced by stim u la ­
t io n  o f  th e  ap p ro p ria te  p e r ip h e ra l  n e rv e . The f ib re  could be 
c l a s s i f i e d  in  many in s ta n c e s  as be long ing  to  Group l a  o r  lb  by i t s  
th re sh o ld  (as in  F ig , 10A); and a lso  by i t s  conduction v e lo c ity  in  
those  n e rv es  where th e re  was a  d iv is io n  o f  th e  Group I  v o lle y  in to  
a r a p id ly  and a slowly conducting  component (Bradley & E cc le3 , 1953; 
E c c le s , E cc les  & Lundberg, 1957a; Laporte & Bessou, 1957; 1959)*
The f ib r e  i l l u s t r a t e d  in  F ig . 10 was a Group l a  a f fe re n t  
f ib r e  be long ing  to  the  GS n e rv e . In  th e  re c o rd s  (F ig , 10C-G) th e  
PBST an d /o r PDP nerves were s t im u la te d , and th e  th re e  t r a c e s  are 
from above downwards: th e  cord  dorsum p o te n t ia l s  ( p o s i t iv i ty  
upw ards), th e  i n t r a c e l l u l e r l y  reco rded  slow p o te n t ia l s  (d e p o la r iz a ­
t io n  upwards) and the  e x t r a c e l lu l a r ly  recorded  f ie ld  p o te n t ia l s .
The cord dorsum p o te n t ia l s  were d i s to r te d  by a sh o rt time c o n stan t
fa m p lif ie r .  The e x t r a c e l lu la r ly  reco rded  f ie ld  p o te n t ia l s  were taken  
j u s t  a f te r  w ithdraw al from th e  f i b r e ,  and in  F ig . 10H were su b tra c te d  
from th e  i n t r a c e l l u l a r l y  reco rded  slow p o te n t ia l s  in  o rd e r to  o b ta in  
the  a c tu a l changes in  th e  membrane p o te n t i a l  o f  th e  f ib r e ,  which was 
a  d e p o la r iz a tio n  o f  n e a r ly  1 .5  mV when 4  v o lle y s  were s e t  up 
sim u ltaneously  in  th e  PBST and PDP n e rv e s .
By s tim u la tin g  v a rio u s  n e rv e s  w hile  reco rd in g  i n t r a c e l l u l a r  
p o te n t ia l s  from Group l a  a f f e r e n t  f i b r e s ,  i t  was p o ss ib le  to  
determ ine th e  r e l a t i v e  p o te n c ie s  o f  th e  n e rv es  in  p roducing  prim ary 
a f f e r e n t  d e p o la r iz a t io n .  For exam ple, F ig . 11 shows re c o rd s  o b ta in ed  
from a Q Group l a  f i b r e .  The id e n t i f i c a t i o n  o f  th e  f ib r e  type  i s  
shown in  A and B. Of th e  n e rv es  s t im u la te d , only PDP (C) and PBST 
(J-M) produced an a p p re c ia b le  d e p o la r iz a t io n  o f  th e  f i b r e .  The 
ex ten so r nerves were in e f f e c t iv e ,  as  were th e  cutaneous n e rv e , 
s u p e r f ic ia l  p e ro n ea l (S P ), and th e  mixed n e rv e , p la n ta r  (PT) (D - l) .  
Note in  J  th a t  a s in g le  PBST v o lle y  produced le s s  th an  h a l f  the  
d e p o la r iz a t io n  produced by 2 PBST v o lle y s  in  K.
Table 2 summarizes th e  r e s u l t s  from a s e r ie s  o f  muscle 
a f f e r e n t  f ib r e s  b e lo n g in g  to  Groups l a ,  lb  and I I .  The mean 
d e p o la r iz a t io n s  produced in  f le x o r  and e x te n so r  f ib r e s  by v a rio u s  
nerves were poo led , th e  f ig u r e s  in  p a re n th e se s  in d ic a t in g  th e  number 
o f  f ib r e s  s tu d ied  fo r  each  s i t u a t i o n .  Muscle nerves were s tim u la te d  
4 tim es ( a t  220 o r  30 0 /sec ) a t  maximum Group I  s t r e n g th .  Cutaneous 
n e rv es  and mixed nerv es  were s tim u la te d  once w ith  a  s t r e n g th  4  tim es 
th re sh o ld  so as to  in c lu d e  a l l  o f  th e  a lp h a  group (Hunt & M cIn ty re , 
I9 6 0 ) . F ib re s  w ith  r e s t in g  and a c tio n  p o te n t ia l s  l e s s  than  35 mV 
were r e je c te d ,  as were f ib r e s  t h a t  could  n o t be id e n t i f i e d  as l a ,  
lb  o r I I .  The Group l a  f ib r e s  were most e f f e c t iv e ly  d e p o la r ize d  by
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the flexor nerves, PBST and PDP. Other flexor nerves were not tr ied . 
The extensor nerve, Q, also had some e f fe c t . The other extensor 
nerves, SMAB, GS and FDHL-P1, and the cutaneous and mixed nerves, 
sural (SB), SP and PT, were virtually  without e ffe c t .
2 . Time Course o f Primary Afferent Depolarization. By 
varying the interval between a conditioning volley and the antidromic 
spike potential produced by central stimulation within the motor 
mucleus, i t  i s  possible to plot the time course o f the changes in  
ex c ita b ility  produced in primary afferent fibres by the action of the 
conditioning vo lleys. The resu lts o f an experiment in which th is  was 
done are shown in Fig. 12. The antidromic spike potential was 
recorded in the GS nerve. Conditioning was by single or rep etitive  
stimulation o f the PBST nerve with a stimulus strength just supra­
maximal for the Group I fib res. Changes in ex c ita b ility  were 
determined as described for Figs, 8 and 9> the control series  
(CALIB) i s  in part shown. After a single conditioning volley  (Fig. 
12A), there was an increase in the ex c ita b ility  o f the GS la  fibres 
which began with a latency o f  about 5 msec, reached a maximum at 
about 15 msec, and lasted over 300 msec. The use o f  2 or 4 condi­
tioning volleys (Fig. 12B) produced a much greater increase in 
ex c ita b ility  of the fibres, but did not appreciably affect the time 
course o f the ex c ita b ility  changes.
Confirmation o f the general features o f the time course o f  
the primary afferent depolarization was obtained from intracellu lar  
records from Group la  fib res, as illu stra ted  in F igs. 10 and 11. The 
latency and time to peak o f  the in tracellu larly  recorded depolariza­
tion are nearly the same as found for the ex c ita b ility  changes
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(F ig . 12)* The peak m ight be s l ig h t ly  l a t e r  fo r  th e  i n t r a c e l l u l a r  
p o te n t i a l ,  b u t t h i s  can be a sc rib ed  to  e le c t r o  to n ic  decrem ent, s ince  
th e  tim e course o f  e x c i t a b i l i t y  changes was determ ined by s tim u la tin g  
a t  th e  te rm in a ls , whereas th e  i n t r a c e l l u l a r  p o te n t ia l s  were recorded
2 o r 3 mm from th e 'a c t iv e  d e p o la r iz a t io n . The f u l l  d u ra tio n  o f  th e  
d e p o la r iz a t io n  i s  d i f f i c u l t  to  determ ine by i n t r a c e l l u l a r  re c o rd in g , 
since  very s ta b le  c o n d itio n s  would be r e q u ire d .  However, i t  
c e r ta in ly  la s te d  over 100 msec.
Group l a  f ib r e s  i s  g re a t ly  in c reased  when r e p e t i t i v e  s tim u la tio n  i s  
employed. This has a lread y  been shown, u s in g  b o th  e x c i t a b i l i t y  
t e s t in g  and in t r a c e l lu l a r  re c o rd in g . F ig s , 8 and 9 show t h a t  in  
one experim ent a s in g le  c o n d itio n in g  PBST v o lle y  produced on ly  a 
s l ig h t  in c re a se  in  the  e x c i t a b i l i ty  o f  th e  FDHL f ib r e s  te s t e d  ( to  
about 102$), w hereas 2 PBST v o lle y s  in c re a se d  th e  e x c i t a b i l i t y  to  
123$, th u s  dem onstrating  a rem arkable f a c i l i t a t i o n .  In  ano ther 
experim ent, shown in  F ig . 12, the  e x c i t a b i l i t y  changes produced by 
1 , 2 and 4 P33T v o lle y s  in  GS l a  f ib r e s  a re  i l l u s t r a t e d .  In  t h i s  
c ase , th e re  was n o t a  f a c i l i t a t i o n ,  b u t r a th e r  a s l i g h t  o cc lu s io n  
when the  e f f e c t s  o f  2 v o lle y s  are compared w ith  those o f  a s in g le  
v o lle y .
The d e p o la r iz a tio n  o f  prim ary a f f e r e n t  f ib r e s  re v e a le d  by 
in t r a c e l lu l a r  re co rd in g  was a lso  in c re a se d  by r e p e t i t i v e  s t im u la tio n . 
F ig , 10E-H shows th e  e f f e c t s  o f  s tim u la tin g  th e  PBST and PDP nerv es  
sim ultaneously  w ith  1 , 2 o r 4 shocks; t h i s  r e s u l te d  in  a co n sid e rab le  
summation o f  PAD. In  F ig . 11, th e re  was a  f a c i l i t a t i o n  o f  the  a c tio n
s i t e  o f
3 , Primary A ffe ren t
The a b i l i t y  o f  c o n d itio n in g  v o lle y s  to  d e p o la r ize
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o f  a s in g le  PBST v o lley  when a second PBST v o lle y  was used as w e ll 
( c f .  J and K ).
Prolonged t e ta n ic  s tim u la tio n  o f e i th e r  th e  nerve which 
produced th e  PAD o r th e  nerve co n ta in in g  th e  f ib r e  from which 
i n t r a c e l lu l a r  re co rd in g s  were be ing  taken  re s u l te d  in  a p o s t te ta n ic
p o te n t ia t io n  o f  th e  PAD. For example, in  F ig . 13A-F, th e  im paled
f ib re  belonged to  the  Q n e rv e ; s tim u la tio n  o f  th e  PBST nerve fo r  
15 sec a t  30 0 /sec r e s u l te d  in  a  PTP o f  th e  a c tio n  o f  a s in g le  PBST 
v o lle y ; th e  tim e course o f  the  PTP i s  shown in  F ig . 13F, w hile  
sample re c o rd s  o f  the i n t r a c e l l u l a r  p o te n t ia l s  are shown in  B-E. In  
ano ther Q f ib r e ,  th e  PAD produced by 7 PBST v o lle y s  (F ig . 13G-I) was 
no t in c reased  a f te r  a s im ila r  p e rio d  o f  t e t a n ic  s t im u la t io n . There 
was ap p aren tly  a re d u c tio n  in  the  degree o f  PTP w ith  an in c re a se  in  
the  c o n tro l  amount o f  PAD.
On th e  o th e r  hand^ even w ith  a la rg e  c o n tro l PAD, r e p e t i t iv e  
s tim u la tio n  o f  th e  nerve co n ta in in g  the  im paled f ib r e  r e s u l te d  in  a
marked PTP (see E cc les  & K rn jev ic , 1959a, fo r  s im ila r  f in d in g s  in
cutaneous f ib r e s ;  c f .  Woolsey & L arrabee, 1940; H oyd , 1952). This 
i s  i l l u s t r a t e d  fo r  two d i f f e r e n t  Q f ib r e s  in  F ig . 14A-F and G -I. One 
ex p lan a tio n  fo r t h i s  phenomenon i s  th a t  th e  h y p e rp o la rized  f ib r e s  
might a c t as more e f f e c t iv e  e le c tro to n ic  conductors o f  th e  same 
p o te n t ia l  changes imposed upon th e i r  te rm in a ls  by the  a c tio n  o f  the  
c o n d itio n in g  v o lle y s  (Woolsey & L arrabee, 1940; H oyd , 1952; F a t t ,  
1954). T his view has been c r i t i c i z e d  (E cc les  & K rn jev ic , 1959a) as 
inadequate  to  e x p la in  th e  la rg e  e f f e c t s  which are o f te n  seen (eg . an 
in c re a se  in  PAD to  2 .5  tim es th e  c o n tro l s iz e  in  F ig . 14F, I ) .  The 
l a t t e r  au th o rs  f e l t  i t  was more l ik e ly  t h a t  th e  h y p e rp o la r iz a tio n
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acted  by d isp la c in g  th e  membrane p o te n t ia l  fu r th e r  from th e  
e q u ilib riu m  p o te n t ia l  fo r  th e  io n ic  c u rre n ts  re sp o n s ib le  fo r  th e  
d e p o la r iz a t io n .  The e q u ilib riu m  p o te n t ia l  presumably would be 
n ear th e  r e s t in g  membrane p o te n t ia l  o f  th e  f ib r e s ,  fo r  i f  i t  were 
f a r  from th e  r e s t in g  p o te n t ia l  the  r e l a t iv e ly  sm all changes in  
membrane p o te n t ia l  produced by h y p e rp o la r iz a tio n  fo llow ing  r e p e t i t iv e  
s tim u la tio n  would no t be expected to  r e s u l t  in  la rg e  changes in  th e  
io n ic  c u r r e n ts .
A ffe ren t D e p o la r iz a tio n . The e x c i t a b i l i t y  changes produced in  
Group l a  f ib r e s  by s tim u la tio n  o f  th e  PBST nerve were in v e s t ig a te d  
w ith  r e s p e c t  to  the  a f f e r e n t  f ib r e  ty p es  re s p o n s ib le . F ig . 15 
shows th e  e f f e c t s  o f  co n d itio n in g  th e  an tid rom ic spike recorded  in  
th e  FDHL nerve a f te r  c e n tr a l  s tim u la tio n  in  th e  motor n uc leus by a 
s in g le  PBST v o lle y  s e t  up by v a rio u s  s tre n g th s  o f  s t im u la tio n . The 
graph o f  F ig . I 5A was n o t taken  from measurements o f  tru e  e x c i t a b i l ­
i t y  computed as in  F ig s . 8 and 9, b u t r a th e r  shows th e  co n d itio n ed  
h e ig h t o f  th e  spike r e l a t i v e  to  th e  c o n tro l h e ig h t. The l a  and lb  
c o n tr ib u tio n  to  th e  PBST v o lle y  fo r  the  d i f f e r e n t  stim ulus s tre n g th s  
i s  p lo t te d  in  F ig . 15B. A double s tim u lu s  s e r ie s  was used fo r  t h i s  
d e te rm in a tio n , as in  F ig . 7 . There was a d e f in i te  in c re ase  in  th e  
h e ig h t o f  th e  an tidrom ic sp ike  when th e  PBST stim u lu s  s tre n g th  was 
s t i l l  su b th resho ld  fo r  th e  Group lb  f i b r e s .  N ote, however, th a t  
th e re  was no change in  th e  an tid rom ic  sp ike u n t i l  a co n sid e rab le  
p ro p o rtio n  o f  th e  Group l a  f ib r e s  were e x c ite d , which in d ic a te s  
th a t  co n sid e rab le  summation o f  the  a c tio n  o f  l a  f ib r e s  i s  re q u ire d  
in  o rd e r  to  produce a  d e te c ta b le  e f f e c t .  There was no a d d itio n  to
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th e  e x c i t a b i l i t y  changes when a Group I I  v o lle y  was added to  the  
Group I  v o lle y .
There has been no s a t i s f a c to r y  d e te rm in a tio n  o f the  c o n tr ib u ­
t io n  o f  the  v a rio u s  f ib r e  ty p es  to  th e  d e p o la r iz a tio n  recorded  
in t r a c e l l u l a r l y  from Group l a  f i b r e s .  However, th e re  i s  c e r ta in ly  
some d e p o la r iz a tio n  produced when only  l a  f ib r e s  are s tim u la ted  
(u sing  th e  PBST n e rv e ) , and the  d e p o la r iz a tio n  i s  in c reased  g re a t ly  
by th e  a d d itio n  o f  th e  Group lb  component to  th e  v o lle y s  (n o t 
i l l u s t r a t e d ) .
5* D iscu ssio n . In  every re s p e c t  t e s t e d ,  th e re  has been a 
very  good c o r r e la t io n  between th e  p ro p e r t ie s  o f  th e  EPSP d ep ress io n  
o f  Frank & F u ortes  (1957) and the  d e p o la r iz a tio n  o f  Group l a  prim ary 
a f f e r e n t  f ib r e s ,  as shown by e x c i t a b i l i ty  changes and in t r a f i b r e  
re c o rd in g . The nerves in v o lv ed , th e  time co u rse , th e  e f f e c t s  o f  
r e p e t i t iv e  s tim u la tio n  and th e  a f fe re n t  f ib r e s  re sp o n s ib le  are th e  
same fo r each o f th e se  phenomena. I t  can be concluded th a t  th e  two 
p ro c e sses  are c lo se ly  r e l a t e d .
The concept t h a t  a  d e p o la r iz a tio n  o f  Group l a  te rm in a ls  w i l l  
lead  to  a re d u c tio n  in  th e  EPS? i s  made p la u s ib le  by a number o f  
s tu d ie s  which have shown th a t  a d e p o la r iz a tio n  o f  nerve te rm in a ls  
r e s u l t s  in  a d ecrease  in  th e  amount o f  t r a n s m it te r  substance l ib e ra te d  
by nerve im pulses (Hagiwara & T asak i, 1958; Hubbard & W il l is ,  1962b; 
Takeuchi & Takeuchi, 1962; E c c le s , Kostyuk & Schm idt, 1962c). 
C onversely , a h y p e rp o la r iz a tio n  o f  nerve te rm in a ls  in c re a se s  th e  amount 
o f  t r a n s m it te r  re le a se d  (C a s t i l lo  & Katz, 1954; Hagiwara & T asak i, 1958: 
Hubbard & W il l i s ,  1962a, c ; Takeuchi & T akeuchi, 1962; E c c le s , Kostyuk 
& Schm idt, 1962c).
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However, th e  mechanism by which a p o la r iz a t io n  o f  nerve 
te rm in a ls  produces an a l t e r a t io n  in  t r a n s m it te r  o u tp u t i s  n o t 
com pletely  c l e a r ,  A number o f  in v e s t ig a to r s  have a sc rib ed  a t  l e a s t  
p a r t  o f  th e  in c re a se  to  p o s tsy n a p tic  p o te n t ia l s  a f t e r  p ro longed 
r e p e t i t i v e  s tim u la tio n  to  an in c re a se d  am plitude o f  th e  p re sy n a p tic  
sp ike p o te n t ia l  d u ring  th e  p e rio d  o f  a f te r -h y p e rp o la r iz a t io n  (L loyd, 
1949. E cc le s  & R a i l ,  1951$ W all & Johnson, 1950$ E cc les  & K rn je v ic , 
1959b; O u rtis  & E c c le s , 1960$ E c c le s , 1961b), An in c re a se  in  th e  
am plitude o f  spike p o te n t ia l  o f  a f f e r e n t  f ib r e s  has been recorded  
in t r a c e l l u l a r l y  d u ring  th e  a p p lic a t io n  o f  hyp01*?0! 31*^ 2^11^  c u r re n ts  
(Hagiwara & T asak i, 1958$ E cc le s  & K rn jev ic , 1959b$ Takeuchi & 
T akeuchi, 1962$ E c c le s , Kostyuk & Schm idt, 1962c) and d u rin g  th e  
a f te r -h y p e rp o la r iz a t io n  fo llow ing  r e p e t i t iv e  s tim u la tio n  (E cc les  & 
K rn je v ic , 1959b), On th e  o th e r  hand, a  decrease  in  th e  am plitude 
o f  th e  sp ike p o te n t ia l  has been observed du rin g  app lied  d e p o la r iz in g  
c u r re n ts  (Hagiwara & T asak i, 1958$ E cc les  & K rn jev ic , 1959b$ Takeuchi 
& T akeuchi, 1962$ E c c le s , Kostyuk & Schm idt, 1962c), I t  i s  p ro b ab le , 
th e re fo re ,  th a t  d e p o la r iz a tio n  r e s u l t s  in  a  sm aller p re sy n a p tic  
spike p o te n t i a l ,  and th a t  t h i s  i s  th e  cause o f  the  reduced sy n ap tic  
e f f ic a c y  (E cc le s , E cc les  & Magni, 1961$ E c c le s , 1961a, b ) .
R egard less  o f  th e  d e t a i l s  o f  the  mechanism by which prim ary 
a f fe re n t  d e p o la r iz a tio n  red u ces  sy n ap tic  tra n sm iss io n , i t  i s  e v id en t 
th a t  th e  d e p o la r iz a tio n  i s  th e  most l ik e ly  cause o f  th e  EPSP 
d e p re s s io n . I t  could be argued t h a t  a chem ical t r a n s m it te r  was 
re le a s e d  by th e  c o n d itio n in g  v o lle y s  which blocked tra n sm iss io n  by a 
c u ra re - l ik e  a c tio n  and a lso  seco n d a rily  d e p o la r ise d  th e  p re sy n a p tic  
te rm in a ls .  This i s  an un n ecessa ry  m u l t ip l ic a t io n  o f  hypotheses fo r
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which th e re  i s  no ev id en ce . However, in  th e  sec tio n  d e a lin g  w ith  
EPSP d ep re ss io n  in  th e  k i t t e n  s p in a l  co rd , f in d in g s  w i l l  be 
p re sen te d  which argue s tro n g ly  a g a in s t th e  p o s s ib i l i ty  o f  a c u ra re ­
l ik e  agent being  involved in  EPSP d e p re ss io n .
A qu estio n  o f  some i n t e r e s t  i s  th e  pathway concerned in  the  
p ro d u c tio n  o f  prim ary a f f e r e n t  d e p o la r iz a t io n , There i s  good 
evidence th a t  one or more in te rn e u ro n a l r e la y s  are in v o lv e d . In  the  
f i r s t  p la c e , the la te n cy  o f  th e  PAD o f  Group l a  f ib r e s  i s  about 4-5 
msec, allow ing  tim e fo r several, synapses. There i s ,  in  a d d i t io n ,  
ample evidence th a t  th e re  can be s p a t i a l  and tem poral f a c i l i t a t i o n  in  
the  pathway (eg . F ig s , 5 , 8 , 9, l l ) *  When th e re  i s  no f a c i l i t a t i o n ,  
th e re  may be o cc lu s io n  (F ig s . 10, 1 2 ) , W all (1958) suggested  th a t  
prim ary a f fe re n t  d e p o la r iz a t io n  could n o t be due to  in te rn e u ro n a l  
a c t i v i t y ,  fo r  when he gave la rg e  doses o f  b a r b i tu r a te ,  he could  f in d  
no in te m e u ro n a l sp ikes a t  a  dosage when th e re  was s t i l l  ev idence 
o f  PAD. In  se v e ra l experim ents done in  t h i s  la b o ra to ry , i n t e r ­
n eu ro n a l sp ik es  were p re s e n t w ith  prim ary a f fe re n t  d e p o la r iz a t io n  
u n t i l  a l e t h a l  dose o f  b a r b i tu r a te  was ad m in is te red , a t  which tim e 
b o th  f a i le d  to g e th e r  (E cc le s , Schmidt & W i l l i s ,  unpublished  
o b s e rv a tio n s ) . There i s  th u s  no evidence a g a in s t  th e  p o s s i b i l i t y  
t h a t  in te rn e u ro n e s  ere invo lved  in  th e  pathway producing th e  PAD.
On th e  c o n tra ry , th e re  i s  s tro n g  evidence th a t  th e re  i s  an i n t e r ­
n eu ro n a l pathway. In te rn e u ro n e s  w ith  th e  c h a r a c te r i s t i c s  which one 
would p re d ic t  fo r  those  in  th e  pathway have been found (E c c le s , 
Kostyuk & Schm idt, 1962a), a lthough  th e re  i s  as y e t no p ro o f  t h a t  
they are  in  f a c t  the  ones in v o lv e d .
S trong evidence fo r th e  su g g estio n  th a t  th e  pathway producing
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PAD te rm in a te s  near the  p re sy n ap tic  endings comes from re c e n t  
h is to lo g ic  in v e s t ig a t io n s  which have dem onstrated the  p resence  o f  
sy n ap tic  endings upon o th e r  sy n ap tic  end ings a t  s ev e ra l lo c a t io n s  
in  th e  c e n tr a l  nervous system (Gray, 1962a; b ; Kidd, 1962; 
S z e n tag o th a i, 1962). These s t ru c tu re s  have th e  appearance ty p ic a l  
o f  sy n ap tic  end ings, in c lu d in g  syn ap tic  v e s ic le s ,  th u s  p ro v id in g  
some evidence th a t  the  d e p o la r iz a tio n  i s  due to  chem ical tra n sm is s io n . 
This p o s s ib i l i ty  i s  a lso  suggested  by the  evidence p re sen te d  in  
connexion w ith  F ig . 14 th a t  th e re  might be an e q u ilib riu m  p o te n t ia l  
fo r  th e  io n ic  c u rre n ts  producing  th e  PAD somewhere n ear th e  r e s t in g  
membrane p o te n t ia l  o f  th e  p re sy n ap tic  te rm in a ls  (E ccles & K rn jev ic , 
1959a). Such an eq u ilib riu m  p o te n t ia l  would be analogous to  th o se  
d e sc rib ed  fo r  o th e r  ju n c tio n s  a t  which chem ical tra n sm iss io n  i s  known 
to  occur ( F a t t ,  1954; E c c le s , 1957; K atz, 1958).
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D. EPSP Depression in the Cervical Spinal Cord.
The relative potency of flexor nerves as compared with 
extensor nerves in the production of EPSP depression was further 
tested in a study of neuronal activity in the cervical spinal cord 
(Schmidt & Willig^ 1962a), No attempt was made to record mono­
synaptic reflex discharges because of the inaccessibility of the 
ventral roots.
An EPSP depression with characteristics similar to those 
described for the lumbosacral cord was found in the cervical cord.
Jn Fig. 16A-F, 12 dorsal interosseous volleys (660/sec) were used 
for conditioning the EPSP of a triceps lateralis-anconeus motoneurone. 
Specimen records of the EPSP are given in A (control) to E, the 
testing intervals being indicated in msec. The EPSP was depressed 
to 62$ of the control height at the shortest interval (10 msec), and 
the amount of depression decreased as the interval was lengthened, 
until very little remained at intervals over 200 msec (Fig. 16F).
With conditioning by 4 dorsal interosseous volleys at 220/sec the 
amount of depression was only slightly less. Fig. 16 G shows that 
there was a similar time course for the depression that 4 dorsal 
interosseous volleys (220/sec) produced in the EPSP of a motoneurone 
with its axon in the median nerve,
A survey was made of the effectiveness of various nerves 
of the foreäimbin producing an EPSP depression. The procedure 
regularly followed was to condition the EPSP with a brief tetanus 
of 4 volleys at 220/sec in each of the nerves mounted for stimulation. 
The strength of stimulation was just supramaximal for the Group I 
afferent fibres, and the interval between the entry of the last
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co n d itio n in g  v o lley  in to  the  s p in a l cord and the  beginning  o f  th e  
EPSP was s u f f ic ie n t ly  long (u su a lly  20-40 msec) to  avoid th e  
com plica tion  o f  p o s tsy n a p tic  p o te n t ia ls  which th e  c o n d itio n in g  
v o lle y s  m ight produce in  the motoneurones (E cc les, E cc les  & Magni, 
1961)* Fig* 17 i l l u s t r a t e s  ty p ic a l  r e s u l t s .  The EPSP o f  a median 
motoneurone (A) was co nd itioned  by four v o lle y s  in  th e  v a rio u s  
n e rv es  in d ic a te d  (B~F), the  t e s t i n g  in te r v a l  be ing  20 msec* The 
d o rs a l  in te ro s se o u s  v o lle y s  (DIj F ig . 17B) reduced th e  EPSP to  85% 
o f  i t s  c o n tro l h e ig h t, b u t th e  o th e r  c o n d itio n in g  v o lle y s  caused 
l i t t l e  o r no d e p re ss io n .
Table 3 summarizes th e  p a t te r n  observed fo r th e  d i s t r ib u t io n  
o f  EPSP d ep re ss io n  in  th e  c e rv ic a l  co rd . The d ep ress io n s  o f  EPSPs 
o f  ex ten so r motoneurones were pooled because th e re  were no a p p re c i­
ab le d if f e r e n c e s  when th e  r e s u l t s  from th e  v a rio u s  ty p es  o f  
ex ten so r motoneurones were compared w ith  th e  pooled r e s u l t s .  The 
d o rs a l  in te ro s se o u s  motoneurones were th e  only f le x o r  motoneurones 
s tu d ie d . Of th e  v a rio u s  co n d itio n in g  n erves t r i e d ,  only th e  d o rs a l  
in te ro s se o u s  nerve was c o n s is te n tly  e f f e c t iv e ,  the  mean EPSP 
d ep ress io n  being  to  81$ o f  th e  c o n tro l .  The o th e r  f le x o r  nerve used , 
the  m usculocutaneous, and the  ex ten so r ne rv es  (median, u ln a r ,  t r i c e p s  
longus, and t r i c e p s  l a t e r a l i s  p lu s  anconeus) produced n e g lig ib le  
d e p re s s io n s . The cutaneous n e rv e , s u p e r f ic ia l  r a d i a l ,  a lso  had 
l i t t l e  e f f e c t .
The prim ary a f fe re n t  d e p o la r iz a tio n  produced by muscle 
a f f e r e n t  v o lle y s  in  the  c e r v ic a l  cord was a lso  in v e s t ig a te d  (Schmidt 
& W il l i s ,  1962b). However, only  n o n -sp e c if ic  t e s t s  o f  th e  PAD were 
employed: d o rs a l  ro o t  r e f le x e s ,  d o rs a l  ro o t  p o te n t ia l s ,  and cord
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dorsum P waves« None of the forelimb nerves showed a division of 
the Group I volley into the two components often observed in some 
hindlimb nerves (Bradley & Eccles, 1953; Eccles, Eccles & Lundberg, 
1957a; Daporte & Bessou, 1957; 1959)* For this reason, no attempt 
was made to distinguish between the PAD produced in Group la and lb 
fibres. However, the pattern found for the production of the PAD 
as evidenced by these non-specific tests agrees well with the 
findings in the lumbosacral cord using similar methods of recording 
the PAD (cf. section V).
In summary, an EPSP depression has been found in the cervical 
cord with properties similar to those of the lumbosacral cord. Of 
the various forelimb nerves employed, only a flexor nerve, the dorsal 
interosseous nerve, was potent in the production of the EPSP 
depression. The other flexor nerve which was tried, the musculo­
cutaneous (actually a mixed nerve), was not effective. However, 
other flexor nerves of the fore limb, particularly those of the 
shoulder, should also be investigated for their effectiveness in 
evoking an EPSP depression.
L
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K itten  Lumbosacral Sp in a l  Cord.
1# Introduction. As mentioned previously, Malcolm (1955)
and Skoglund (1960a) found th a t  in  th e  k i t t e n  sp in a l cord a s in g le  
c o n d itio n in g  v o lley  in  a  muscle nerve produced a very prolonged 
in h ib i t io n  o f  monosynaptic r e f le x e s ,  which was complete fo r  about 
100 msec and p e r s is te d  fo r  as long as 800 msec. Skoglund found t h i s  
prolonged in h ib i t io n  when a f fe re n t  v o lle y s  in  f le x o r  nerves c o n d itio n ­
ed monosynaptic r e f le x e s  evoked by v o lle y s  in  ex ten so r n e rv e s , b u t 
th e re  was only a b r i e f  in h ib i t io n  w ith  th e  re v e rse  com bination, and 
o th e r  com binations a p p a ren tly  were n o t in v e s t ig a te d .  I t  seemed 
l ik e ly  th a t  t h i s  prolonged in h ib i t io n  in  k i t t e n s  was a type o f  
p re sy n a p tic  in h ib i t io n j  hence, i t  was re in v e s t ig a te d  by employing 
th e  v a rio u s  tech n iq u es  used fo r  the  study o f  p re  synap tic  in h ib i t io n  
in  th e  c a t  (R.M. E cc les  & W il l i s ,  1962).
2 . In h ib i t io n  o f  th e  M onosynaptic Pathway. C onditioning  
v o lle y s  in  f le x o r  n e rv es  always produced a prolonged in h ib i t io n  o f  
th e  m onosynaptic r e f le x e s  o f  e i th e r  f le x o r  or ex ten so r n e rv e s , 
a lthough  th e  in h ib i t io n s  o f  ex ten so r m onosynaptic r e f le x e s  were 
o f te n  more pow erful and more prolonged than  those  o f  f le x o r  
m onosynaptic r e f le x e s .  For in s ta n c e , in  the  experim ent i l l u s t r a t e d  
in  F ig . 18, th e  monosynaptic r e f le x  o f  a f le x o r  nerv e , FBST, and 
o f  an ex ten so r n e rv e , P i ,  were each con d itio n ed  a t  v a rio u s  in te r v a l s  
by a s in g le  Group I  v o lle y  in  a f le x o r  n e rv e , PDP. Sample re c o rd s  
are shown fo r  th e  PBST r e f l e x  in  F ig . 18A and fo r the  PI r e f le x  in  
B. The f u l l  tim e course o f  th e  in h ib i t io n  in  each case i s  p lo t te d  
in  C. The maximum d e p re ss io n  o f  th e  PBST r e f le x  was to  j u s t  under
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80$, while at the early intervals the PI reflex was completely 
suppressed, and this more severe depression of the Pi reflex 
continued up to the longest testing interval (300 msec).
The reduction of monosynaptic reflexes by conditioning 
volleys in flexor nerves was associated with a depression of mono­
synaptic EPSPs recorded intracellularly. Fig. 19 shows the 
depression that a PBST afferent volley produced in the EPSP of a 
flexor (peroneus) motoneurone. Sample records of the EPSP are shown 
in A, and the time course is plotted in B, The very profound 
reduction in the EPSP height at the shortest interval is largely 
due to blockage of the incoming volley by the dorsal root reflex 
(see below).
In Fig. 20, a Group I volley in the POP nerve produced a 
comparable depression of the monosynaptic EPSP of an extensor 
FDHL) motoneurone. Sample records are shown in A, while the open 
circles in the graph of B plot the time course of the EPSP depression. 
The break in the curve at the early intervals (cf. Fig. 19) can be 
accounted for by the dorsal root reflex and the refractory period 
thereafter, as has been discussed by Eccles, Eccles & Magni (l96l).
The size of the incoming volley is thus reduced, as can be seen in 
the records made from the dorsal root entry zone in the sample re­
records of Fig, 20A (intervals of 28 and 59 msec), and in the whole 
series of plotted points (filled circles in Fig. 2CB). Corresponding­
ly, dorsal root reflexes lasting at least 37 msec have been observed 
in kittens (R.M, Eccles & Willis, unpublished observations).
In agreement with Skoglund (i960), conditioning volleys in 
extensor nerves usually produced little or no prolonged inhibition
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o f  th e  monosynaptic r e f le x e s  o f  e i th e r  e x ten so r o r f le x o r  moto- 
neu rones. In th e  one e x c e p tio n a l o b se rv a tio n  a qu ad ricep s  a f f e r e n t  
v o lle y  very e f f e c t iv e ly  in h ib i te d  b o th  a GS and a FBST m onosynaptic 
r e f l e x .  In  the  same experim ent th e  a c tio n  o f  a PBST v o lle y  was, 
n e v e r th e le s s ,  much s tro n g e r , w hile a GS v o lle y , on th e  o th e r  hand, 
was q u ite  in e f f e c t iv e .
The nerves producing EPSP d ep re ss io n  and th e  ty p e s  o f  moto­
neurons s whose EPSPs are  dep ressed  th u s  correspond c lo s e ly  to  th e  
o b se rv a tio n s  p re v io u s ly  re p o rte d  fo r  a d u lt c a ts  ( c f .  F ig s . 1 -4 ) . 
S im ila r ly , the  p a t te rn  o f  d i s t r ib u t io n  o f  prim ary a f f e r e n t  d e p o la r iz a ­
t io n  was found to  be comparable in  k i t t e n s  and in  a d u lt c a t s ,  and 
th e  a f f e r e n t  f ib r e s  re sp o n s ib le  fo r  EPSP d ep re ss io n  and th e  PAD 
belonged to  Group I  (R.M. E cc le s  & W il l i s ,  1962). Thus in  most 
r e s p e c ts  th e  m onosynaptic r e f le x  d ep re ss io n  in  k i t t e n s  d e sc rib e d  by 
Malcolm (1955) and Skoglund (1960a) i s  comparable to  th a t  produced 
by p re sy n ap tic  in h ib i t io n  in  c a t s .
3 . Time Course o f  EPSP Dep re s s io n  and Prim ary A fferen t  
Dep o l a r i z a t i on in  K it te n s .  The d u ra tio n  o f  the  EPSP d e p re ss io n s  
i l l u s t r a t e d  in  F ig s . 19 and 20 was over 1000 msec, which i s  in  
agreement w ith  th e  r e p o r ts  o f  Malcolm (1955) and Skoglund (1960a).
The d ep re ss io n  o f  a GS monosynaptic r e f le x  in  ano ther k i t t e n  was 
more than  2f>0Q msec (F ig . 21A). The in s e t  in  F ig . 2UB shows th a t  
th e  c o n d itio n in g  v o lle y  in  th e  PBST nerve la s te d  only 200 msec 
(c f .  a lso  in s e t  in  F ig . 20C). E v id en tly , th e  PAD produced in  
k i t t e n s  by v o lle y s  in  f le x o r  n e rv es  cannot account fo r  th e  very 
prolonged EPSP and m onosynaptic r e f l e x  d e p re s s io n s . Such lo n g - 
l a s t in g  d e p re ss io n s  resem ble th e  re d u c tio n  in  tra n sm iss io n  which 
occu rs  in  a  monosynaptic pathway a f t e r  p re v io u s  a c t iv a t io n
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(eg. Bernhard, 194-7; Brooks, Downman & Eccles, 195^; Brock, Eccles 
& Rail, 1951; Jefferson & Schlapp, 1953; Evanson, 1956; Hoyd, 1957; 
IJLoyd & Wilson, 1957; Curtis & Eccles, I960), rather than inhibitory 
processes. In fact, th is  prolonged depression of synaptic action 
after prior activation, which may be termed “homosynaptic depression” 
(Eccles & Rail, 195l)> provides an explanation for the very long 
depressions of monosynaptic transmission seen in k ittens. I t  w ill 
be shown that the central action of the large dorsal root reflexes 
produced by conditioning volleys in flexor nerves fully accounts 
for the prolonged depression. The impulses in the la  afferent fibres 
would activate the ir monosynaptic endings on the motoneurones and 
hence be followed by a period of homosynaptic depression (Eccles, 
Kozak & Magni, 196l).
I t  is  f ir s t  necessary to show that large DRRs are produced 
in k ittens, and that these produce a synaptic drive comparable to 
homonymous stimulation. In the experiment shown in Fig. 22, the 
postsynaptic potentials produced by stinulation of various nerves 
were recorded from a Gß motoneurones. When the stimuli were applied 
at a rapid repetition ra te , the postsynaptic potentials expected 
from the known Group la  and lb connexions to GS motoneurones were 
observed (Fig. 22G-L; c f. Eccles, Eccles & Lundberg, 1957a-c; R.M. 
Eccles, ßhealy & W illis, 1962). When the repetition rate was slowed, 
volleys in the flexor nerves (PBßT, DP and Per in A-C) produced 
late EPSPs of large amplitude, that from PBST (A) even firing  the 
motoneurone. The latency of these EPSPs was 4-5 msec and the
duration in B and C was about 20 msec. FDHL produced a comparable
( F )
EPSP'J but th is  was smaller than the ones from the flexor nerves.
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Since th e se  l a t e  EPSPs can f i r e  motoneurones (F ig . 22k),  
such raotoneuronal d isc h a rg e s  should be recorded  from v e n tra l  r o o ts ,  
as i s  i l l u s t r a t e d  in  F ig . 23 . V olleys in  th e  ex ten so r n e rv e s , MG 
and LGS (C, D) evoked on ly  th e  expected m onosynaptic r e f le x  
d isc h a rg e s  in to  th e  S I v e n tr a l  r o o t ,  whereas a f le x o r  a f f e r e n t  
v o lle y  (PBST in  A) produced a monosynaptic d isch arg e  and a lso  a l a t e  
spike w ith  a la te n cy  o f  7 .9  msec. A la te  spike was a lso  produced 
by a v o lle y  in  ano ther f le x o r  nerve (PDP ln  B ), a lthough th e re  was 
no monosynaptic sp ik e .
A c o r r e la t io n  between th e  l a t e  EPSP, the  l a te  r e f le x  
d isch a rg e  and th e  DRR was shown by th e  experim ent i l l u s t r a t e d  in  
F ig . 24 . A m ic ro e lec tro d e  was in s e r te d  in to  a motoneurone o f  the 
p la n ta r  n e rv e . The an tid rom ic  spike produced by s tim u la tio n  o f the  
S I v e n tra l  ro o t i s  shown in  A. In  B-E, th e  PBST v o lley  g iv e s  r i s e  
to  th e  fo llow ing  sequence o f  e v en ts : an EPSP w ith  a long c e n tr a l  
la te n c y ; th e  g en e ra tio n  o f  a m otoneuronal spike d isch a rg e ; the  
monosynaptic spike p o te n t ia l  in  th e  v e n tr a l  ro o t  followed by th e  
second spike (C-E, lower t r a c e s ) .  By reco rd in g  from a s l ip  o f  th e  
L6 d o rs a l  ro o t  (F, lower t r a c e ) ,  i t  could be seen th a t  the  la te  
EPSP and the l a te  spike p o te n t ia l  were produced a t  th e  ap p ro p ria te  
tim e in  r e la t io n  to  th e  d o rs a l  ro o t r e f l e x .
Transm ission in  th e  k i t t e n  m onosynaptic pathway i s  h igh ly  
s u sc e p tib le  to  hom osynaptic d ep ress io n  (Malcolm, 1955; Skoglund, 
1960a; W ilson, 1962). T h is may be shown n o t only  by m onosynaptic 
r e f l e x  t e s t i n g ,  b u t a lso  by th e  re d u c tio n  o f  th e  m onosynaptic 
EPSP a f t e r  p rev ious s tim u la tio n  o f  the  homonymous a f fe re n t  f ib r e s  
(C u rtis  & E c c le s , I9 6 0 ) . For in s ta n c e , in  F ig . 25A are sample
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records of the EPSP of an SMAB rao to neurone which was reduced by a 
conditioning volley in the SMAB nerve; the time course of the 
homosynaptic depression is plotted in H, open circles. There would 
be little or no presynaptic inhibition by the SMAB volley when 
conditioning the SMAB EPSP, since extensor volleys are generally 
ineffective (Eccles, Eccles & Magni, 1961; Eccles, Schmidt & Willig, 
1962a); this is supported by the absence of any sign of a dorsal 
root reflex produced by the SMAB volley in Group la fibres (no dip 
in the early part of the curve in H and no late EPSP in the sample 
records of A, CON,as is seen in F for PBST). A deeper depression 
resulted when the EPSP was conditioned by 5 SMAB volleys (300/sec); 
this was done at two testing intervals, 273 and 350 msec, and the 
size of the reduced EPSP at each interval is plotted in H by the 
crosses. Sample records of the EPSP at an interval of 550 msec 
after the brief tetanus and of the EPSPs produced by the tetanus 
are shown in C and D respectively, the control EPSP being in A.
The depression of this EPSP by a single Group I PBST volley 
is shown by the sample records in Fig. 25B, and the time course is 
plotted by the filled circles in H (cf. Figs. 19 and 20). The degree 
of homosynaptic depression produced by one SMAB volley was less 
than the depression produced by the PBST volley at all intervals, 
but the two curves approach at the longer intervals (H). However, 
the homosynaptic depression due to the brief SMAB tetanus (crosses 
in H) was even larger than the EPSP depression from the PBST 
volley at an interval of 55^ msec, although not quite so great at 
273 msec. The cord dorsum P wave (G) showed that the PBST volley 
produced a PAD of about 3^0 msec duration. Evidence that the PBST 
volley did produce DRRs in Group la fibres ending on this
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motoneurone comes from the  dem onstration  th a t  s tim u la tio n  o f  the  
PBST nerve a t  a low r e p e t i t io n  r a te  ( l / s e c )  re s u l te d  in  a l a t e  EPSP 
(F ig , 25F) which was n o t p re se n t a t  h igher r a t e s  o f  s tim u la tio n  (E) .  
The l a t e  EPSP would presum ably have been s t i l l  la rg e r  a t  th e  
r e p e t i t io n  r a te  employed fo r th e  co n d itio n in g  s e r ie s  p lo t te d  in  
H (0 ,3 /s e c ) .
The homosynaptic d ep re ss io n  th a t  would r e s u l t  from a c t iv a t io n  
o f  th e  synapses by the  DKR would depend b o th  upon the  s iz e  and upon 
th e  d u ra tio n  o f  th e  DKR.. Since DRRs are composed u su a lly  o f  a 
r e p e t i t iv e  d isch arg e  o f  im pulses (E cc les, Kozak & Magni, 196l ) ,  i t  
i s  l ik e ly  t h a t  th e  homo sy n ap tic  d ep ress io n  would resem ble t h a t  due 
to  te ta n ic  a c t iv a t io n  o f  th e  homonymous nerve r a th e r  t h a t  s in g le  
s t im u la tio n . For example, in  F ig . 25H, $ SMAB v o lle y s  were re q u ire d  
to  produce a d ep ress io n  comparable w ith  t h a t  fo llow ing  a s in g le  
PBST v o lle y  a t  an in te r v a l  (55^ msec) beyond th e  d u ra tio n  o f  th e  PAD,
F u rth er evidence th a t  the  very  profound m onosynaptic r e f le x  
d e p re ss io n s  found in  k i t t e n s  when f le x o r  v o lle y s  are used fo r  
c o n d itio n in g  are due in  p a r t  to  the  e f f e c t  o f  la rg e  DRRs comes from 
an experim ent in  which th e  tem peratu re  o f  th e  k i t t e n  was a l te r e d ,  
th u s  changing th e  s ize  o f  the  DRRs (Barron & M atthews, 1938b ; 
T oennies, 1939; E c c le s , Kozak & Magni, 1 9 6 l) . F ig , 26 shows the 
e f f e c t  o f  a  PBST co n d itio n in g  v o lle y  on an MG monosynaptic r e f le x  a t 
two d i f f e r e n t  body te m p e ra tu re s . Sample re c o rd s  o f  th e  r e f le x  
in h ib i t io n  when th e  tem pera tu re  was 3 9 .5 °C are shown in  A and th e  
tim e course i s  p lo t te d  in  C (open c i r c l e s ) .  The body tem pera tu re  
was then  lowered to  36° C and the  reco rd s  were tak en  again  (B and 
graph o f  C, f i l l e d  c i r c l e s ) .  The in h ib i to ry  curve recorded  when th e
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tem p era tu re  was 39*5°C resem bled t h a t  seen in  a d u lt c a ts  ( c f ,  Figs*
1 and 2 ) ,  as w e ll as t h a t  produced when a f le x o r  v o lle y  was used to  
c o n d itio n  th e  m onosynaptic r e f le x  o f  f le x o r  motoneurones in  k i t t e n s  
(F ig . 18A and C, open c i r c l e s ) .  A re d u c tio n  in  the body tem p era tu re  
to  36°C a l te re d  th e  curve d r a s t i c a l l y ,  so th a t  i t  resem bled those  
in  F ig s .  18C ( f i l l e d  c i r c l e s )  and 2 J .  The tem peratu re  re d u c tio n  was 
a sso c ia te d  w ith  th e  a n tic ip a te d  in c re a se  in  th e  DRRs; th e re  was a lso  
an in c re a se  in  th e  s iz e  and d u ra tio n  o f  th e  cord dorsum P wave 
produced by th e  PBST v o l le y ,  b u t t h i s  e f f e c t  was r e l a t i v e ly  much le s s  
th an  th e  change in  th e  r e f l e x  d e p re s s io n .
I t  i s  th e re fo re  reaso n ab le  to  m ain ta in  t h a t  very  long 
d e p re ss io n s  o f  th e  m onosynaptic EPSP can be a t t r ib u te d  to  homo- 
sy n ap tic  d ep re ss io n  i f  th e  co n d itio n in g  v o lle y s  produce la rg e  DRRs* 
The amount o f  homosynaptic d ep re ss io n  in  a d u lt c a ts  would presum ably 
be too  sm all to  be ap p rec ia ted  in  most in s ta n c e s ,  s ince  th e  
i n t r a c e l l u l a r l y  recorded  EPSPs due to  DRRs are r a th e r  sm all (E cc le s , 
Kozak & Magni, 1961) and sin ce  a d u lt  c a ts  show le s s  homo sy n ap tic  
d e p re ss io n  than  do k i t t e n s  (C u rtis  & E c c le s , I960* R.M. E cc le s  & 
W i l l i s ,  unpublished  o b s e rv a tio n s ) .
EPSP D epression
and Prim ary A ffe ren t Dep o la r i z a tio n  i s  K itte n s -  In  c o n tr a s t  w ith  
th e  much g re a te r  e f fe c t iv e n e s s  o f  r e p e t i t iv e  than  o f  s in g le  s tim u la ­
t io n  o f  muscle nerves in  producing EPSP d e p re ss io n  and prim ary 
a f f e r e n t  d e p o la r iz a t io n  in  th e  a d u lt co rd , i t  was g e n e ra lly  found 
th a t  s in g le  s tim u la tio n  in  th e  k i t t e n  ex e rted  alm ost as much e f f e c t  
as r e p e t i t i v e  s tim u la tio n  (R.M. E cc le s  & W il l i s ,  1962). The 
e f fe c t iv e n e s s  o f  s in g le  v o lle y s  in  muscle n e rv es  o f  k i t t e n s  th u s
-  55
resem bled the poY/erful action  o f  s in g le  cu taneous v o lle y s  in  
producing presynaptic in h ib ito ry  e f f e c t s  in  the flex o r  r e f le x  
afferen t pathways o f  the a d u lt cat (E cc le s , Kostyuk & Schm idt, 1962b).
P o ss ib ly  th e  reason  fo r t h i s  potency o f  s in g le  v o lle y s  in  
k i t t e n s  i s  th a t  th e  e x c i ta to r y  a c tio n  o f  im pulses in  k i t te n  a f f e r e n t  
f ib r e s  seems to  be more pow erful in  k i t t e n s  than  in  ad u lts*  T his i s  
shown by th e  much la rg e r  EPSPs which can be recorded  in  k i t t e n  
m otoneuronss as compared w ith  those  found in  a d u lt  motoneuronss 
(R.M. E c c le s , Shealy & W il l i s ,  1962). I f  the  in te rn eu ro n es  in  th e  
p re sy n ap tic  in h ib i to ry  pathway are a lso  more pow erfu lly  a c tiv a te d  
s y n a p tic a l ly , then  the  o b se rv a tio n  th a t  s in g le  v o lle y s  are n e a r ly  
as p o te n t as r e p e t i t iv e  ones i s  e x p la in e d . O ther o b se rv a tio n s  t h a t  
may be e x p lic a b le  on t h i s  b a s is  are the  very la rg e  and s ta b le  mono­
sy n ap tic  r e f le x e s  seen in  k i t t e n s  and p o ss ib ly  th e  la ck  o f  p o s t -  
t e t a n ic  p o te n t ia t io n  in  young k i t t e n s  (Skoglund, 1960b; W ilson, 1962). 
The l a t t e r  f in d in g  would be expected i f  th e re  were l i t t l e  o r  no 
su b lim in a l f r in g e  by which to  d isp la y  an in c reased  sy n ap tic  d r iv e .
5* Discu s sion^ The r e s u l t s  o f  th e  k i t t e n  experim ents th u s  
p rov ide  e x p lan a tio n s  fo r  th e  d if f e r e n c e s  between th e  p re sy n ap tic  
in h ib i t io n  o f  th e  Group l a  pathways o f  k i t t e n s  and o f  a d u lt c a t s .  
There i s  no d if fe re n c e  in  the  p a t te rn  o f  d i s t r ib u t io n  o f  the  
p re sy n a p tic  in h ib i to ry  e f f e c t s .  The tim e course o f  EPSP d e p re ss io n  
in  k i t t e n s  i s  due to  a com bination o f  p re sy n a p tic  in h ib i t io n  and 
homosynaptic d ep ress io n  secondary to  la rg e  d o rs a l  ro o t r e f le x e s .  The 
n e g lig ib le  in c re a se  in  p re sy n ap tic  in h ib i t io n  w ith  r e p e t i t iv e  
s tim u la tio n  seems to  be caused by the  more pow erful sy n ap tic  d r iv e  in  
k i t t e n  synapses.
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The f a c t  th a t  d o rs a l  ro o t r e f le x e s  may be la rg e  enough to  
d isch a rg e  la rg e  numbers o f  motoneurones p ro v id es  some evidence about 
th e  mechanism o f  p re sy n a p tic  in h ib i t io n .  As mentioned e a r l i e r ,  i t  i s  
conce iv ab le  th a t  EPSP d ep re ss io n  i s  produced by th e  l ib e r a t io n  o f  an 
agen t which competes w ith  th e  e x c ita to ry  tra n s m it te r  fo r  re c e p to r  
s i t e s  on th e  p o s tsy n a p tic  membrane and only  seco n d arily  d e p o la r iz e s  
prim ary a f f e r e n t  te rm in a ls  ( c f .  Dudel & K u ff le r , I960» 1961). T his 
i s  an unnecessary  p o s tu la te ,  b u t i t  would be d i f f i c u l t  to  d isp ro v e  
w ith o u t an experim ent in  which th e  e x c ita to ry  t r a n s m it te r  from th e  
m onosynaptic te rm in a ls  could be in te ra c te d  w ith  the  t r a n s m it te r  
re sp o n s ib le  fo r  th e  EPSP d e p re ss io n . N e ith er t r a n s m itte r  has been 
i s o la te d ,  b u t th e  r e s u l t  o f  t h i s  experim ent can be in fe r re d  from 
o b se rv a tio n s  on k i t t e n  motoneurones a f te r  a c t iv a t io n  o f  th e  pathway 
producing  EPSP d e p re s s io n . A fte r a la te n c y  o f  about 5 msec (F ig . 2 2 ), 
th e  DRRs evoked by the  p re sy n ap tic  in h ib i to ry  v o lle y  produce EPSPs, 
which can be recorded  from the  m otoneurones. These EPSPs may be 
la rg e  enough to  d isch a rg e  m otoneurones o r  they  may be su b th re sh o ld .
In any e v e n t, th e  l ib e r a t io n  o f  t r a n s m it te r  presumably co n tin u es  fo r  
about 20 msec, th e  d u ra tio n  o f  the  DRR (F ig . 22B, C, F )j only  a 
s in g le  m otoneuronal d isch a rg e  i s  produced when th e  EPSP i s  above 
th re sh o ld  because o f  th e  a f te r -h y p e rp o la r iz a t io n  and p o ss ib ly  
because o f  r e c u r re n t  in h ib i t io n  as w e ll (F ig , 22A). Motoneurones 
o b v iously  can respond to  th e  re le a s e  o f  e x c i ta to r y  t r a n s m it te r  
th roughout th e  p e rio d  o f  maximal e f fe c t iv e n e s s  o f  th e  EPSP d ep re ss io n  
and th e  PAD ( i . e .  fo r  th e  f i r s t  20 msec a f t e r  th e  o n se t o f  th ese  
p ro c e s s e s ) ,  and th e  response  can be g re a t  enough to  r e s u l t  in  
m otoneuronal d is c h a rg e s . This does n o t d isp ro v e  the  e x is ten c e  o f  a
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c u ra re - l ik e  a c tio n  on th e  p a r t  o f  th e  p re sy n ap tic  in h ib i to ry  t r a n s ­
m i t te r ,  bu t i t  suggests  t h a t  such an a c tio n  i s  u n lik e ly  to  be 
s ig n i f ic a n t ,  s ince  even an asynchronous in p u t such as th a t  provided 
by d o rs a l  ro o t  r e f le x e s  can f i r e  a  la rg e  number o f  raotoneurones 
( c f .  F ig . 23A).
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A. In tro d u c tio n , In  se c tio n  I I I ,  i t  was dem onstrated  th a t
Group l a  prim ary a f f e r e n t  f ib r e s  are  d e p o la r ize d  by v o lle y s  in  f le x o r  
ne rv es  and th a t  t h i s  d e p o la r iz a t io n  le ad s  to  an in h ib i t io n  o f  th e  
tra n sm iss io n  th rough  Group l a  pathw ays. A s im ila r  d e p o la r iz a tio n  
has a lso  been found fo r Group lb  a f f e r e n t  f ib r e s  (E cc les , Schmidt & 
W il l i s ,  1962b). A thorough in v e s t ig a t io n  o f  th e  e f f e c t s  o f  th e  
PAD o f  lb  f ib r e s  has n o t y e t  been made. I t  would be p re d ic te d  t h a t  
the  PAD would r e s u l t  in  a  prolonged in h ib i t io n  o f  tra n sm iss io n  a t  
the  synapses made by th e  lb  f i b r e s .
B. E x c i ta b i l i ty  Changes Produced in  Group lb  F ib re s . As 
mentioned in  se c tio n  I I I ,  th e re  are two very  d is c r im in a tin g  tech n iq u es  
fo r  th e  study o f  prim ary a f f e r e n t  d e p o la r iz a t io n .  One i s  e x c i t a b i l i t y  
t e s t in g  ( c f .  F ig s . S, 9 ) ,  and th e  o th e r  i s  i n t r a c e l lu l a r  re c o rd in g  
from prim ary a f f e r e n t  f i b r e s .  The e x c i t a b i l i t y  o f  Group l a  f ib r e s  
could be te s te d  to  the  e x c lu s io n  o f  o th e r  f ib r e  ty p es  by in s e r t in g  
the  s tim u la tin g  e le c tro d e  in to  th e  motor n u c leu s . There i s ,  
u n fo r tu n a te ly , no comparable lo c a t io n  in  th e  sp in a l cord where lb  
f ib r e s  may be found in  v i r t u a l  i s o la t io n  from l a  a f fe re n t  f i b r e s .
For in s ta n c e , s tim u la tio n  o f  f ib r e s  w ith in  th e  in te rm ed ia te  nucleus 
r e s u l t s  in  an an tid rom ic v o lle y  in  b o th  l a  and lb muscle a f f e r e n t  
f ib r e s ,  s in ce  b o th  f ib r e  ty p es  have te rm in a ls  in  the  in te rm e d ia te  
n u c leu s , and th e re  are a lso  s h a f ts  o f  l a  f ib r e s  p ass in g  th rough  
to  th e  motor nucleus (E cc le s , F a t t ,  Landgren & W insbury, 1954; E c c le s , 
E cc les  & Iundberg , 1957a; I9 6 0 ) . However, th e  an tidrom ic sp ike 
p o te n t ia l s  recorded  in  c e r ta in  muscle n e rv e s , n o tab ly  PBST and SMAB,
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have th e  same double com position (eg . F ig . 27A, CON) t h a t  i s  observed 
a t  th e  d o rs a l  ro o t  e n try  zone when th e se  ne rv es  are f ir e d  
o rth o d ro m ica lly  (Bradley & E c c le s , 1953; E c c le s , E cc les  & Lundberg, 
1957a; Eaporte & Bessou, 1957; 1959)« Some d is c r im in a tio n  in  
d e term in ing  changes in  th e  e x c i t a b i l i t y  o f  l a  and lb  f ib r e s  i s  
p o s s ib le  simply from o b se rv a tio n s  on a l t e r a t io n s  in  th e  am plitudes 
o f  th e  two p e a ts  a f te r  c o n d itio n in g  v o lle y s  have been f i r e d  in to  the  
co rd , fo r  the  f i r s t  sp ike i s  la rg e ly  due to  im pulses in  l a  f ib r e s  
and th e  second spike i s  la rg e ly  l b .  A b e t t e r  d is c r im in a tio n  can be 
o b ta in ed  by means o f  th e  c o l l i s io n  techn ique  i l l u s t r a t e d  in  F ig . 27 .
Recording e le c tro d e s  were p laced  in  th e  conven tional manner 
a t  th e  cu t end o f  a muscle n e rv e , in  t h i s  case PBST (F ig . 27E).
B ip o la r  e le c tro d e s  were p laced  in  c o n tin u ity  beneath  the  ham string  
nerve a t  some d is ta n c e  from th e  reco rd in g  e le c tro d e s .  S tim u la tio n  
o f  th e  ham string  nerve produced an orthodrom ic v o lle y , w hich, i f  
s u i ta b ly  tim ed , c o ll id e d  w ith  th e  an tid rom ic  v o lle y  produced by 
s tim u la tio n  o f  a f fe re n t  f ib r e s  w ith in  th e  in te rm e d ia te  nu c leu s  
th rough  a low r e s is ta n c e  m ic ro e le c tro d e .
F ig . 27A shows t h a t ,  as th e  ham string  stim u lus s tre n g th  
was in c re a se d , th e re  was d im inu tion  in  th e  an tid rom ic v o lle y  t h a t  was 
s e t  up by s tim u la tio n  o f  th e  l a  and lb  f ib r e s  in  th e  in te rm e d ia te  
n u c leu s  and recorded  in  th e  PBST n e rv e . The f i r s t  component was 
e lim in a ted  by s tim u la tio n  o f th e  low est th re sh o ld  ham string f ib r e s  
and hence may be id e n t i f i e d  as l a ,  w hile th e  second component, l b ,  
was n o t blocked u n t i l  h ig h e r th re sh o ld  ham string  f ib r e s  were d isc h a rg ­
ed . The s iz e s  o f  th e  l a  and lb  peaks are p lo t te d  a g a in s t th e  ham strinj 
s tim u lu s  s tre n g th  in  C. By u s in g  th e  double s tim u lu s  te ch n iq u e , i t
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was p o s s ib le  to  determ ine th e  r e la t io n s h ip  between th e  s tre n g th  o f  
s tim u la tio n  o f  the  ham string  nerve and th e  l a  and lb  components 
o f  th e  ham string c o l l i s io n  v o lle y ; fo r  t h i s  purpose, the  ham string 
v o lle y  was recorded  in  th e  conven tional manner from the  d o rs a l  ro o t 
e n try  zone. The r e s u l t s  are shown by th e  sample reco rd s  in  B and by 
th e  p lo t t in g  in  D. I t  i s  apparen t th a t  by u sin g  a stim ulus s tre n g th  
o f  1 .28 tim es th re s h o ld , the  ham string  c o l l i s io n  v o lley  would be 
composed o f  most o f  th e  l a  f ib r e s  and no lb  f ib r e s ;  th e  an tid rom ic  
spike in  th e  PBST nerve would th u s  be composed o f  a sm all residuum  
o f  th e  l a  p o te n t ia l  and the  f u l l  lb  spike p o te n t ia l  as seen a t th e  
1 .28  s tre n g th  in  A. The e f f e c t s  o f  c o n d itio n in g  v o lle y s  upon th e  
e x c i t a b i l i t y  o f  Group lb  f ib r e s  could be r e a d i ly  determ ined by 
employing t h i s  c o l l i s io n  v o lle y , w hile th e  e x c i t a b i l i ty  changes in  
Group l a  f ib r e s  could be determ ined in  th e  u su a l way by studying  
th e  f i r s t  peak o f  th e  an tid rom ic  spike (F ig . 27A, CON, la )  when th e re  
was no c o l l i s io n  v o lle y .
An example o f  an experim ent in  which th e  c o l l i s io n  techn ique 
was used fo r  d e term in ing  e x c i t a b i l i ty  changes in  Group lb  f ib r e s  
i s  i l l u s t r a t e d  in  F ig . 28 . Sample re c o rd s  o f  th e  an tidrom ic spike 
reco rded  in  th e  PBST nerve are shown in  F ig . 28B, C, G and H. The 
s tre n g th  o f  s tim u la tio n  th rough the m ic ro e lec tro d e  which was p laced  
in  the  in te rm e d ia te  nu c leu s  was 90 v o l t s  fo r  th e  specimens i l l u s t r a t ­
ed , b u t i t  was v a rie d  between 40 and 120 v o l t s  fo r  th e  complete 
s e r i e s .  In  th e  specimen re c o rd s , sev e ra l t r a c e s  have been super­
im posed. The sm aller p o te n t ia l s  were tak en  w ithou t c o n d itio n in g , 
w hile th e  la rg e r  were w ith  c o n d itio n in g . A c o l l i s io n  v o lle y  was 
employed fo r  the re c o rd s  shown in  G and H, which were th e re fo re
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composed alm ost e n t i r e ly  o f  spike p o te n t ia l s  o f  Group lb  f i b r e s .  The 
c o n d itio n in g  v o lle y s  a t a s tre n g th  maximal fo r  Group I were s e t  up 
e i th e r  in  th e  f le x o r  n e rv e , PDP, o r  in  th e  ex ten so r n e rv e , GS. The 
sample re c o rd s  have been en larged  and superimposed in  the  t r a c in g s  
D and E fo r  Group l a  p lu s  lb  sp ikes ( s o l id  l in e s )  and fo r lb  sp ik es  
alone (broken l i n e s ) .  The e f f e c t s  o f  PDP co n d itio n in g  v o lle y s  are 
shown in  D, w hile those  o f  GS c o n d itio n in g  v o lle y s  are shown in  E.
I t  should be noted  th a t  th e  PDP v o lle y s  produced a la rg e  in c re a se  
in  th e  am plitudes o f  b o th  the  l a  and th e  lb  sp ik e s , whereas th e  GS 
v o lle y s  had a la rg e  e f f e c t  only on th e  lb  sp ik e .
The a c tu a l changes in  e x c i t a b i l i ty  induced by th e  c o n d itio n ­
ing v o lle y s  were determ ined  by the  method d esc rib ed  fo r F ig . 9 .
A s e r ie s  o f  s tim u li were app lied  th rough  th e  m icro e lec tro d e  a t  
v a rio u s  s t r e n g th s ,  and the  am plitudes o f  the  l a  and lb  sp ik es  were 
measured w ith o u t and w ith  p reced ing  c o n d itio n in g  v o lle y s . The 
r e s u l t s  are p lo t te d  in  A fo r  the  l a  sp ik es  and in  F fo r  th e  lb  sp ik e s . 
The uncond itioned  sp ik e s  are in d ic a te d  by th e  u p r ig h t and o b liq u e  
c ro s se s ; sp ik es  a f t e r  c o n d itio n in g  by PDP v o lle y s  are shown by open 
c i r c l e s ,  w hile  th o se  a f t e r  GS co n d itio n in g  v o lle y s  are  in d ic a te d  by 
f i l l e d  c i r c l e s .  The h o r iz o n ta l  l in e s  show the  am plitudes used fo r  
de term in ing  th e  r a t i o s  o f  v o lta g e s  re q u ire d  to  produce a  g iven  sized  
spike w ithou t and w ith  c o n d itio n in g . The PDP v o lle y s  in c reased  th e  
e x c i t a b i l i t y  o f  th e  l a  and lb  PBST f ib r e s  to  about 137$ and 117$ 
r e s p e c t iv e ly .  On the  o th e r  hand, the  GS c o n d itio n in g  v o lle y s  had 
l i t t l e  e f f e c t  on the  l a  f ib r e s ,  r a i s in g  th e  e x c i t a b i l i t y  to  about 
104$, w hile  they  were j u s t  as e f fe c t iv e  as th e  PDP v o lle y s  on th e  lb  
f ib r e s ,  in c re a s in g  th e  e x c i t a b i l i t y  to  115$.
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The r e s u l t s  o f  sev e ra l experim ents in  which e x c i t a b i l i t y  
changes o f  Group l a  and lb  f ib r e s  in  th e  in te rm ed ia te  n u c leu s  have 
been determ ined are summarized in  T ables 4 and 5 . The l a  f ib r e s  were 
d ep o la r ize d  c h ie f ly  by th e  a c tio n  o f  v o lle y s  in  th e  f le x o r  n e rv e s , 
PBST and PDP, although 3 v o lle y s  had some e f f e c t  (Table 4 ) ,  The 
lb  f ib r e s  were d e p o la r ize d  a t  l e a s t  as e f f e c t iv e ly  by ex ten so r 
v o lle y s  as by f le x o r  v o lle y s  (Table 5)* A sm all a c tio n  from the  
cu taneous nerve , SU, i s  a lso  a p p a ren t.
The ty p es  o f  a f f e r e n t  f ib r e s  re sp o n s ib le  fo r the  e x c i t a b i l i t y  
changes in  Group lb  f ib r e s  were determ ined by experim en ts, such as 
th e  one i l l u s t r a t e d  in  F ig , 29 . The an tid rom ic spike recorded  in  the  
PBST nerve was r e s t r i c t e d  to  lb  f ib r e s  by means o f  an a p p ro p ria te  
ham string  c o l l i s io n  v o l le y .  The 4  SMAB c o n d itio n in g  v o lle y s  were 
s e t  up by a wide range o f  s tim u lu s  s t re n g th s , so th a t  i t  was 
p o s s ib le  to  examine the  e f fe c t iv e n e s s  o f  th e  l a  and lb  components 
o f  th e  co n d itio n in g  v o lle y s  upon th e  e x c i t a b i l i t y  o f  the PBST lb  
f i b r e s .  The specimen re c o rd s  in  A show th e  changes in  s iz e  o f  th e  
an tid rom ic spike a f t e r  th e  c o n d itio n in g  v o lle y s  were produced by 
the  in d ic a te d  stim u lu s  s t r e n g th s ,  and th e  f u l l  s e r ie s  i s  p lo t te d  
in  C, A double s tim u lu s  s e r ie s  was used to  r e l a t e  th e  s tre n g th  o f  
s tim u la tio n  o f  SMAB to  th e  I a - Ib  com position o f  th e  co n d itio n in g  
v o lle y s j  specimen re c o rd s  are  shown in  B and th e  s e r ie s  i s  p lo t te d  
in  D. I t  can be seen th a t  most o f  the  in c re a se  in  e x c i t a b i l i t y  o f  
th e  PBST Group lb  f ib r e s  i s  a t t r ib u ta b le  to  th e  a c tio n  o f  th e  Group 
lb  component o f  th e  SMAB v o lle y s ,  b u t w ith  s tim u lus s tre n g th s  o f  
3 to  10 tim es th re sh o ld  th e re  was a  f u r th e r  in c re a se  a t t r ib u ta b le  
to  Group I I  v o l le y s .
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The re v e rse  com bination o f nerves was t r i e d  in  the  same 
experim ent, as i l l u s t r a t e d  in  F ig . 30« The Ia - Ib  com position o f  the 
PBST co n d itio n in g  v o lle y s  was determ ined by th e  double s tim u lus 
te ch n iq u e , as shown in  B end D« In C the  changes in  th e  am plitude 
o f  th e  an tid rom ic lb  sp ike  o f  SMAB (using  an a p p ro p ria te  c o l l i s io n  
v o lle y )  are p lo t te d  r e l a t i v e  to  th e  c o n tro l h e ig h t (sample re c o rd s  
in  A). Again, th e  changes in  e x c i t a b i l i t y  o f  lb  f ib r e s  seem to  be 
produced by th e  lb  component o f  the  co n d itio n in g  v o lle y s . In  t h i s  
c a se , the  high th re sh o ld  f ib r e s  added no th ing  to  the  e x c i t a b i l i t y  
changes. Thus, bo th  ex ten so r and f le x o r  nerves seem to  a c t in  a 
s im ila r  fa sh io n  in  producing an in c rease  in  th e  e x c i t a b i l i t y  o f  lb  
f ib r e s ;  m ost, o r in  some cases  a l l ,  o f  th e  e f f e c t s  can be a t t r ib u te d  
to  th e  a c tio n  o f  lb  f i b r e s .
The tim e course o f  th e  e x c i t a b i l i t y  changes evoked in  EBST 
Group lb  f ib r e s  by th e  a c tio n  o f  8 Group I  co n d itio n in g  v o lle y s  in  
a com bination o f ex ten so r n e rv es  (GS + FDIIL 4* P i)  i s  shown in  F ig , 31, 
In  A and B are sample re c o rd s  o f  the  an tid rom ic spike in  l a  p lu s  lb  
f ib r e s  and in  lb  f ib r e s  a lo n e , a f te r  a  c o l l i s io n  v o lle y  in  ham string  
f i b r e s .  The c o n d itio n in g  v o lle y s  preceded th e  t e s t  an tid rom ic sp ike 
a t  v a rio u s  in te r v a l s ,  as in d ic a te d  by the  numbers ( in  msec) in  A; 
the  same in te r v a l s  apply a lso  to  B, There was no change in  the  
am plitude o f  the  l a  peak, as shown in  A and p lo t te d  in  C (open 
c i r c l e s ) .  However, th e  lb  an tid rom ic sp ike was g re a t ly  in c reased  in  
am plitude by th e  c o n d itio n in g  v o lle y s , as shown in  B and a lso  in  A, 
in  which th e  lb  spike can be seen on the  descending phase o f  th e  l a  
sp ik e . The f u l l  time course o f  the  e x c i t a b i l i t y  changes in  the  lb  
f ib r e s  i s  p lo t te d  in  C ( f i l l e d  c i r c l e s ) .  Note the  s im i la r i ty  to  the
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tim e course o f  e x c i t a b i l i t y  changes in  l a  f ib r e s  induced by the  
a c tio n  o f  f le x o r  v o lle y s  (F ig . 1 2 ).
G. I n t r a c e l lu la r  Recording from Group lb  A ffe ren t Fib r e s .
In a d d itio n  to  the  in d i r e c t  evidence from e x c i t a b i l i t y  t e s t in g  th a t  
Group lb  f ib r e s  are d ep o la r ized  by Group I  v o lle y s  o f  e x ten so rs  
as w e ll as o f  f le x o rs ,  th e re  i s  d i r e c t  evidence from in t r a c e l lu l a r  
re c o rd in g  from Group lb  f ib r e s .  In  F ig . 32, th e  f ib r e  was id e n t i f ie d  
as a  quad riceps lb  f ib r e  by the  reco rd s  in  A and B. The e f f e c t s  o f  
s tim u la tin g  v a rio u s  n e rv es  a re  shown in  C«<M. In C-F, 4 Group I  
m uscle a f fe re n t  v o lle y s  were employed, w hile in  G -I, 4 v o lle y s  in  
cu taneous o r mixed nerves were u sed . The number o f  PBST v o lle y s  
was v a rie d  from 1 to  7 in  J-i£. The upper t r a c e s  in  C-M show the  
a f f e r e n t  v o lle y s  e n te r in g  the  cord and th e  P waves; p o s i t iv i ty  i s  
u n co n v en tio n a lly  d isp la y ed  by upwards d e f le c t io n s .  The m iddle 
t r a c e s  show the  in t r a c e l lu l a r ly  recorded  p o te n t ia l s ,  d e p o la r iz a tio n  
upw ards. The lower t r a c e s  are the f i e ld  p o te n t ia l s  recorded  j u s t  
e x t r a c e l lu la r ly  when th e  m ic ro e lec tro d e  was withdrawn from th e  
f i b r e .  Changes in  membrane p o te n t ia l  are shown by th e  d if fe re n c e  
in  i n t r a c e l l u l a r  and e x t r a c e l lu la r  p o te n t i a l s .  Both f le x o r  and 
e x ten so r ne rv es  very e f f e c t iv e ly  d e p o la r ize d  t h i s  f i b r e .  The 
cutaneous n e rv e s , su ra l (SUR) and s u p e r f ic ia l  peroneal (SP) had no 
e f f e c t  (F ig . 32G and I ) .  The sm all d e p o la r iz a t io n  produced by th e  
mixed n e rv e , p la n ta r  (PT ; F ig . 32H) can be a t t r ib u te d  to  th e  a c tio n  
o f  muscle a f f e r e n t  f ib r e s ,  such as those o f f le x o r  d ig ito rum  b r e v is .
The mean d e p o la r iz a t io n s  produced by v o lle y s  in  a v a r ie ty  
o f  n e rv es  in  Group lb  f ib r e s  o f  b o th  ex ten so r and f le x o r  ne rv es  are 
l i s t e d  in  Table 2 .  The f le x o r  n e rv e , PBST, was the  most e f f e c t iv e
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o f  a l l  th e  n erves in  d e p o la r iz in g  lb  f ib r e s ,  b u t Q and SMAB were 
on ly  s l ig h t ly  l e s s  a c t iv e .  The o th e r  f le x o r  n e rv e , PDP, and th e  
ex ten so r n e rv e s , GS and FBHI^Pl, were about e q u a lly  p o te n t, b u t le s s  
so than  PBST, Q and SMAB. There were only  sm all e f f e c t s  from th e  
cu taneous and mixed n e rv e s .
D orsal S p in o c e re b e lla r  T ra c t .  One o f  th e  pathways a c tiv a te d  by 
Group I  f ib r e s  o f  muscle i s  th e  d o rsa l s p in o c e re b e lla r  t r a c t  
(S zen tag o th a i & A lb e rt, 1955j L aporte , Iundberg & O scarsson , 1956a, 
b ; Laporte & Iundberg , 1956; Iundberg & O scarsson , 1956; I960;
H olm qvist, Iundberg & O scarsson, 1956; O scarsson , 1957a; C u r t is ,
McIntyre  ft Mark,1900;
E cc les  & Iundberg , 1958; Iundberg & W insbury, I960 ^ E c c le s ,  O scarsson 
& W il l i s ,  1961; E cc les  & O scarsson, 1961). I t  would be p re d ic te d  
t h a t  under s u ita b le  c o n d itio n s  i t  should be p o ss ib le  to  dem onstrate  
an in h ib i t io n  o f  t h i s  pathway e i th e r  th rough a d e p o la r iz a tio n  o f  
th e  Group l a  f ib r e s ,  as fo r  th e  monosynaptic pathway to  m otoneurones, 
o r  th rough  a d e p o la r iz a tio n  o f  Group lb f i b r e s .  E ith e r  type o f  
d e p o la r iz a t io n  would e f f e c t iv e ly  l im i t  conduction  th rough t h i s  p a th ­
way, s in ce  bo th  l a  and lb  f ib r e s  a c t iv a te  i t ;  in  some cases l a  and 
lb  f ib r e s  even converge upon the  same c e l l s  in  C la rk e 's  column 
(E cc le s , O scarsson & W il l i s ,  1961).
The monosynaptic component o f  the  DSCT mass d isch a rg e  
p ro v id es  a means o f  t e s t in g  fo r  in h ib i to ry  a c tio n s  comparable to  
m onosynaptic r e f le x  t e s t in g  in  the  Group l a  pathway to  m otoneurones. 
In  one experim en t, the  mass d isch arg e  from a s in g le  Group I  GS 
v o lle y  (F ig . 33A) was co n d itio n ed  a t  v a rio u s  in te r v a ls  by 4 v o lle y s  
in  th e  ham string  nerve a t  a s tre n g th  submaximal fo r  Group I  (B-E).
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The mass discharge was depressed at all the intervals tested, as 
shown by the sample records and by the plotted curve in F.
Other experiments gave similar results* For instance in Fig, 
34A, B the mass discharge produced by a volley in the GS plus 
FDHI*-P1 nerves was reduced for a period of over 100 msec by 4 Group 
I volleys in either the PBST or Q nerves* In this experiment, 
conditioning volleys in the SMAB or PDP nerves were also effective, 
whereas a cutaneous nerve, SU, had no inhibitory action. In another 
experiment, it was found that a brief GS tetanus reduced the mass 
discharge evoked by a hamstring volley in a similar fashion.
A reduction in the number of conditioning volleys diminished 
the inhibition. By varying the strength of stimulation, it was found 
that a maximum la conditioning volley had only a small inhibitory 
action, while a maximum lb volley produced the rest of the inhibition; 
a stimulus 10 times threshold had no greater effect than did one 
macimum for Group I,
Additional evidence that the inhibition of the mass discharge
presynaptic inhibition
of the DSCT is comparable to t A t of the monosynaptic pathway to 
•motoneurones was obtained by testing the excitability of afferent 
terminals in Clarke's column. Antidromic spikes in afferent fibres 
were elicited by stimulation through a glass microelectrode inserted 
into Clarke's column and recorded from a peripheral nerve, such as 
FDHL-P1 in Fig, 34C, D, The time course of the excitability changes 
corresponds to that of the inhibitions of the mass discharge shown 
in A and B. This confirms the suggestion that the mass discharge is 
reduced by presynaptic inhibition.
The question of whether the inhibition is due to a depolariza­
tion of Group la or lb terminals or both has not yet been answered.
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The f a c t  t h a t  l a  v o lle y s  have some in h ib i to ry  a c tio n  i s  an argument 
th a t  th e  l a  system i s  in v o lv ed , w hile th e  f in d in g  th a t  ex ten so r 
nerves may have a p o te n t in h ib i to ry  a c tio n  suggests  th a t  th e  lb  
system i s  in v o lv ed . In  a l l  p ro b a b i l i ty ,  b o th  f ib r e  ty p es  are 
d e p o la r iz e d . The answer to  t h i s  q u estio n  can be ob tained  th rough  
th e  u se  o f  th e  c o l l i s io n  techn ique o r by an in v e s t ig a t io n  o f  th e  
EPSPs produced by l a  and lb f ib r e s  in  c e l l s  o f  th e  DSCT.
A few experim ents were a lso  done on in h ib i t io n  o f  th e  mass 
d isch a rg e  o f  th e  v e n tra l  sp in o c e re b e lla r  t r a c t  (VSCT), which i s  
a c t iv a te d  alm ost e x c lu s iv e ly  by Group lb  f ib r e s  (O scarsson, 1956; 
1957a, b ; I960; Hubbard & O scarsson , 1961; E c c le s , Hubbard & 
O scarsson , 1961; E cc les  & O scarsson , 1961). F ig . 34E and F shows 
th e  e f f e c t  o f  4 c o n d itio n in g  v o lle y s  in  PBST and Q r e s p e c tiv e ly  on 
th e  m onosynaptic component o f  the  VSGT mass d isch a rg e  produced by a 
s in g le  v o lle y  in  GS p lu s  FDHL-Pl. A fte r an e a r ly  f a c i l i t a t i o n ,  th e re  
was an in h ib i t io n  la s t in g  to  about $0-60 msec. The o th e r muscle 
n e rv es  u sed , SMAB and PDP, and a lso  th e  cu taneous n e rv e , SU, had 
s im ila r  a c t io n s .  A lthough p re sy n ap tic  in h ib i t io n  i s  not ru le d  o u t, 
i t  i s  u n lik e ly  because o f  th e  b r i e f  tim e course o f  the  in h ib i to r y  
e f f e c t .  However, the  p o s s ib i l i t y  should be fu r th e r  examined by 
look ing  fo r  an EPSP d e p re s s io n . I t  would probably  be im possib le  to  
t e s t  s e le c t iv e ly  th e  e x c i t a b i l i t y  o f  th e  f ib r e s  ending on VSGT c e l l s ,  
s ince  th e se  are so w idely  d is t r ib u te d  (Hubbard & O scarsson, 1961).
E. D iscu ssio n . S ev era l l in e s  o f  evidence in d ic a te  th a t  
th e re  are two system s o f  d e p o la r iz a tio n  o f  Group I  prim ary a f f e r e n t  
f ib r e s  from m uscle. One system i s  concerned w ith  a  d e p o la r iz a t io n  
o f  Group l a  f ib r e s  from prim ary endings o f  muscle s p in d le s , and i t
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i s  a c t iv a te d  by Group l a  and lb  f ib r e s  o f  f le x o r  m uscles. The o th e r  
system i s  concerned w ith  a d e p o la r iz a tio n  o f  Group lb  f ib r e s  from 
Golgi tendon o rg an s , and i t  i s  a c tiv a te d  by Group lb  f ib r e s  o f  b o th  
f le x o r  and ex ten so r n e rv e s . There i s  some o v e rlap  between th e se  
two system s; fo r  exam ple, ex ten so r nerves o c c a s io n a lly  d e p o la r ize  
Group l a  f ib r e s  (T ables 1, 2 , 4 ) .  In  a d d itio n , th e re  i s  some o v e r­
la p  between th ese  system s and the  one concerned w ith  d e p o la r iz a t io n  
o f  cu taneous and high  th re sh o ld  muscle a f f e r e n t  f ib r e s  (E cc le s , 
Kostyuk & Schm idt, 1962b). However, th e re  i s  a c le a r  enough d i s t i n c ­
t io n  between th e se  d i f f e r e n t  systems to  w arran t th e  sug g estio n  th a t  
they  re p re s e n t  fu n c tio n a l e n t i t i e s .  The o v e rla p  may be considered  
as a  type o f  n o is e . F u rth e r d isc u ss io n  o f  the  p h y s io lo g ic a l 
s ig n if ic a n c e  o f  th e se  system s w i l l  be postponed to  s e c tio n  VI,
G eneral D iscu ssio n .
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V. S p in a l Cord P o te n t ia ls  _gnc| Do r s a l  Hoot P o te n t ia ls  
A ffe ren t F ib re s
A. In tro d u c tio n . I t  was p o in ted  o u t in  sec tio n  I I I  th a t  
th e re  i s  g e n e ra l agreement th a t  d o rsa l ro o t  r e f le x e s  are produced by 
th e  d e p o la r iz a t io n  o f  prim ary a f fe re n t  f ib r e s  which may be recorded  
from d o rs a l  ro o ts  a f te r  e le c tro to n ic  conduction  as th e  d o rs a l  ro o t  
p o t e n t i a l .  Although most o f  th e  work on d o rs a l  ro o t p o te n t ia l s  has 
been done u s in g  v o lle y s  in  d o rs a l  ro o ts  o r cutaneous nerves (Gotch
& H orsley , 1391$ Barron & M atthews, 1933a, c$ Bonnet & Bremer, 1933a,
1942
b$ Fessard  & M atthews, 1939$ Dun, 1941>*;Dun & Feng, 1944$ E cc les  
& Malcolm, 1946$ Lloyd & M cIntyre, 1949$ Lloyd, 1952$ Malcolm, 1953$ 
Rudin & Fisenm an, 1953$ 1954a, b$ Eisenman & Rudin, 1954$ K oketsu, 
1956a, b$ W all, 1953), i t  has been shown th a t  v o lle y s  in  muscle 
n e rv es  w i l l  a lso  produce DRPs (F essard  & M atthews, 1939$ Brooks &
F u o rte s , 1952$ E c c le s , Magni & W il l is ,  1962; E c c le s , Kostyuk & Schmidt
of
1962a), The re c o rd in g ^ d o rsa l ro o t p o te n t ia l s  th u s  i s  a simple 
tech n iq u e  fo r  d e te c t in g  th e  occurrence o f  prim ary a f fe re n t  d e p o la r iz a ­
t i o n ,  However, as mentioned p re v io u s ly , t h i s  method lack s  s p e c if ic ­
i t y ,  s ince  n e i th e r  th e  nerve o f  o r ig in  nor th e  type o f  f ib r e s  which 
are d e p o la r ize d  can be determ ined r e a d i ly .
Another p o te n t ia l  change which has c h a r a c te r i s t i c s  th a t  are 
ap p ro p ria te  to  be a sso c ia te d  w ith  prim ary a f f e r e n t  d e p o la r iz a tio n  
i s  th e  p o s i t iv e  in te rm ed ia ry  f i e ld  p o te n t i a l .  This has a lso  been 
s tu d ied  c h ie f ly  th rough  the  use o f  d o rs a l  ro o t o r  cutaneous v o lle y s  
(G asser & Graham, 1933$ Hughes & G asser, 1934a, b$ Hughes, McCouch & 
S te w a rt, 1937; 1940$ McCouch, S tew art & Hughes, 1940; S tew art, Hughes 
& McCouch, 1940; B ernhard , 1952$ 1953a, b ;  Bernhard & K o ll, 1953;
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Bernhard & Widen, 1953 J K oketsu, 1956b), b u t th e  P wave can a lso  
be produced by low th re sh o ld  muscle a f f e r e n t  v o lle y s  (E cc les ,
Magni & W ill is ,  1962). Although i t  has been suggested th a t  the  
P waves are produced by th e  same g e n e ra to r th a t  i s  re sp o n s ib le  fo r  
th e  QRPs (Barron & M atthews, 1938a; Üoyd & M cIntyre, 1949; Koketsu, 
1956a, b ) ,  no s a t i s f a c to r y  ex p lan a tio n  o f  the  mode o f  g en e ra tio n  
was o f fe re d d .
I t  would be p re d ic te d  t h a t  a d e p o la r iz a tio n  o f  the  te rm in a ls  
o f  prim ary a f fe re n t  f ib r e s  would produce n o t on ly  th e  DRPs, b u t a lso  
th e  cord dorsum P w aves. The experim ents to  be desc rib ed  were 
designed  to  show how f a r  th e  d e p o la r iz a t io n s  ob .served in  Group l a  
and lb  f ib r e s  (S ec tio n s  I I I  & IV) w i l l  account fo r  th e  DRPs and 
P waves which are  evoked by muscle a f fe re n t  v o lle y s .
B. Topography o f  Cord F ie ld  Poten t i a l s from Muscle A ffe ren t 
V o lley s . The method employed fo r determ in ing  th e  r e la t io n s h ip  o f  
cord f i e ld  p o te n t ia ls  to  d o rs a l  ro o t  p o te n t ia l s  was an in v e s t ig a t io n  
o f  the  topography o f  th e  f i e ld  p o te n t i a l s .  The s im p lest way to  study 
f i e ld  p o te n t ia l s  was to  re c o rd  p o te n t ia l  changes which were led  from 
th e  cord su rface  by means o f  a b a l l - t ip p e d  platinum  e le c tro d e  (F ig . 
35M). The nerves used to  produce the  f i e ld  p o te n t ia l s  were PBST 
and PDP, s in ce  they  evoked th e  l a r g e s t  p o te n t ia l s  o f  any o f  the  
muscle n e rv e s . As shown in  F ig . 35, b r i e f  r e p e t i t iv e  s tim u la tio n  
r e s u l te d  in  much la rg e r  f i e ld  p o te n t ia l s  than  d id  s in g le  v o lle y s  
(A, E, I  compared w ith  B-D, F-H and J-L  r e s p e c t iv e ly ) .  For t h i s  
re a so n , th e  f ie ld  p o te n t ia l s  s tu d ied  were those  produced by b r i e f  
t e t a n ic  t r a i n s .
When the  re c o rd in g  e le c tro d e  was moved to  d i f f e r e n t  s i t e s
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around th e  cord su rface  ( c f ,  A ustin & McGouch, 1955), the  slow 
p o te n t ia l  changed i t s  s ig n , as shown in  F ig , 36 . For t h i s  experim ent, 
th e  s p in a l cord was in s u la te d  from th e  anim al by means o f  a sh ee t 
o f  rubber dam which was p laced  b en ea th  th e  cord between the 
segm ental le v e l  o f  the  14 ro o ts  and th e  le v e l  a t which the  16 ro o ts  
p e n e tra te d  the  d u ra . The d o rs a l  and v e n tr a l  ro o ts  had been 
severed b i l a t e r a l l y .  The rubber dam served to  envelop the  cord w ith  
an in s u la t in g  medium, th u s  reducing  d i s to r t io n  o f  the  e l e c t r i c a l  
f i e l d  p o te n t i a l s .  I t  a lso  sh ie ld ed  th e  re c o rd in g  e le c tro d e  from the  
body o f  th e  anim al, so th a t  by r o ta t in g  th e  cord g e n tly  by means o f  
t i e s  on th e  d e n tic u la te  ligam ents o f  th e  side to  be ex p lo red , i t  was 
p o s s ib le  to  survey the  su rface  slow p o te n t ia l s  from mid-dorsum to  
m id-ventrum . The slow p o te n t ia l s  produced by 6 Group I  v o lle y s  in  
th e  PBST and PDP nerves rev e rsed  t h e i r  sign  a t a p o s it io n  about 
midway between th e  d o rs a l  ro o t  e n try  zone and th e  d e n tic u la te  l i g a ­
ment, as shown in  F ig , 36C, The maximum n e g a t iv i ty  a t the  su rface  
was a t  a p o s i t io n  ju s t  d o rs a l  to  th e  v e n tra l  ro o t  e x i t  zone (E ), 
w hile the  maximum p o s i t i v i t y  was n ea r th e  mid-dorsum (A), This 
suggested  th a t  the  f i e ld  p o te n t ia l s  were generated  by sinks 
co n cen tra ted  in  th e  v e n t r o la te r a l  p a r t  o f  th e  cord and sources in  
th e  dorsom edial p a r t .
More d e ta i le d  in fo rm atio n  about th e  d i s t r ib u t io n  o f  the 
f i e ld  p o te n t ia l s  was o b ta in ed  in  th e  same animal by reco rd in g  the  
slow p o te n t ia l s  a t  v a r io u s  dep th s  w ith in  the  c o rd . For t h i s  
pu rpose , a low r e s is ta n c e  g la s s  m ic ro e lec tro d e  (1-2 megohms) f i l l e d  
w ith  4M NaCl was u sed . By making a number o f  p a r a l l e l  t r a c k s  and 
le av in g  th e  e le c tro d e  in  s i t u  in  one o f  th e  tr a c k s  fo r  h is to lo g ic a l
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c o n tro l ,  i t  was p o s s ib le  to  c o n s tru c t a con tour map o f  th e  f i e ld  
p o te n t ia l s  ( c f .  Howland, I e t t v in ,  McCulloch, P i t t s  & W all, 1955).
F ig . 3TB shows th e  con tour map which was c o n stru c ted  by drawing 
i s o p o te n t ia l  l in e s  (d o tted  l in e s )  based on measurements o f  the  f i e ld  
p o te n t ia l s  produced by 4  PDP Group I  v o lle y s  and recorded  every  200 
m icrons in  each o f  the  tra c k s  ( in d ic a te d  by th e  so lid  and ob liq u e  
s e ts  o f  p a r a l l e l  l i n e s ) .  The am plitude o f  the  f i e ld  p o te n t ia l s  was 
measured 23 msec a f t e r  the  l a s t  o f  the  4 v o lle y s  in  o rd e r to  avoid the  
d i s to r t io n s  produced by the  fo c a l sy n ap tic  p o te n t ia l s  o f  th e  i n t e r ­
m ediate  and motor n u c le i .  In  F ig . 37A th e re  are sample re c o rd s  o f  
th e  f i e ld  p o te n t ia l s  reco rded  a t  some o f  th e  d ep th s  in  th e  tra c k  
in d ic a te d  by the  arrow in  Bj th e  f i e ld  p o te n t ia l s  produced by 4 PBST 
v o lle y s  a t  th e  same dep th s  in  t h i s  t r a c k  are a lso  shown. The g en e ra l 
o r ie n ta t io n  o f  the  f i e ld s  suggests  th e  arrangem ent o f  d ip o le s  shown 
in  F ig . 37C, th e  s i t e  o f  maximum n e g a t iv i ty  be in g  in  th e  motor nucleus 
and th e  s i t e  o f  maximum p o s i t iv i ty  being  in  th e  d o rs a l  columns. The 
r e v e r s a l  l in e  was roughly  between the  c e n tr a l  can a l and the  cord 
su rface  midway between the  d o rs a l  ro o t  e n try  zone and th e  d e n t ic u la te  
ligam en t ( c f .  F ig . 3 6 ).
I f  th e  prim ary a f f e r e n t  f ib r e s  were being  p a ss iv e ly  p o la r iz e d  
by th e  e l e c t r i c a l  f i e ld  p o te n t ia l s  o f  F ig . 3TB, i t  would be p re d ic te d  
from th e  topography o f  the  f ie ld s  th a t  th e  f ib r e s  would be d e p o la r iz ­
ed a t a l l  d ep th s  v e n tr a l  to  the  r e v e r s a l  l i n e ,  b u t h y p e rp o la rized  in  
th e  d o rs a l  p a r t  o f  th e  cord$ t h i s  type o f  e f f e c t  has been dem onstrat­
ed by th e  a p p lic a tio n  o f  p o la r iz in g  c u r re n ts  ac ro ss  th e  sp in a l cord 
(E cc le s , Kostyuk & Schm idt, 1962c). On th e  o th e r  hand, i f  the  f ib r e s  
were be ing  a c t iv e ly  d e p o la r ize d  deep w ith in  th e  sp in a l cord and were
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themselves the generators o f the fie ld  potentia ls, i t  would be 
predicted that the shafts o f the fibres concerned would be depolariz­
ed electrotonically  with a decrement depending upon the space constant 
o f  the fibres. I f  electrotonus in primary afferent fibres within the 
cord decrements like that in the dorsal roots (half decay every 1,4 
mm in the cat, according to Barron & Matthews, 1938a), there would 
be a considerable depolarization o f these fibres in the cord dorsum 
and even in the dorsal root. This would, o f course, account for the 
negative sign of the dorsal root potentia l.
The sim ilarity in time course o f  the fie ld  potential recorded 
from the dorsal surface o f the cord and that o f the dorsal root 
potential may be seen in Fig, 38. The upper traces in A and B are 
the dorsal root potentials, while the lower traces are the P waves. 
Four Group I volleys in the P3ST and PDP nerves were used to evoke 
the potentials of A and B respectively . A diagram of the method of  
recording the DRPs using a d ifferen tia l amplifier is  also shown (C). 
The sligh t difference in the time coursesof the DRPs and P waves are 
attributable to the methods o f leading. The DRPs are slower because 
o f the electrotonic decrement, while the P waves should more accurate* 
ly  r e flec t the time course o f depolarization, since they are produced 
by current flow closer to the s ite  o f i t s  generation.
Further evidence that the primary afferent fibres were 
depolarized in the dorsal region of the cord, despite the hyper- 
polarizing field  potentia ls, was obtained by testing  the e x c ita b ility  
o f Group I fibres at d ifferent depths within the cord. The resu lts  
are shown in Fig. 39. A microelectrode o f  the type described 
previously for th is purpose was inserted into the motor nucleus and
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withdrawn s tep w ise . At each 3<JQ m icrons, th e  e x c i t a b i l i ty  o f  the  
Group I  an tid rom ic  v o lle y  recorded  in  th e  FDHI^-P1 nerve (v e n tra l  
ro o ts  c u t)  was determ ined by th e  method i l l u s t r a t e d  in  F igs. 8 and 
9 . The c o n d itio n in g  v o lle y s  were s e t  up in  the  PBST nerve (5 a t  
Group I  s tre n g th )  and th e  in te r v a l  between th e  co n d itio n in g  v o lle y s  
and th e  an tid rom ic  sp ike was se le c ted  to  give th e  maximum e x c i t a b i l ­
i t y  changes. The la r g e s t  in c re a se s  in  e x c i t a b i l i t y  were found in  
th e  motor n u c le u s , where the  in c rease  was to  150% a t a dep th  o f  
3 .4  mm. The e x c i t a b i l i t y  changes decreased  p ro g re s s iv e ly  as th e  
m ic ro e lec tro d e  was withdrawn to  a more s u p e r f ic ia l  p o s i t io n ,  u n t i l  
th e  c o n d itio n in g  v o lle y s  produced an in c re a se  only to  around 11$% 
when th e  e le c tro d e  t i p  was a t a dep th  o f  0 .5  mm. There was never a 
d ecrease  in  e x c i t a b i l i t y  as would be p re d ic te d  had th e  f ib r e s  been 
h y p e rp o la rized  by the  f i e ld  p o te n t ia l s .
Ample co n firm atio n  o f  t h i s  f in d in g  came from the  experim ents 
in  which p o te n t ia l s  were recorded  i n t r a c e l lu l a r ly  from prim ary 
a f f e r e n t  f ib r e s  w ith in  the  d o rs a l  p a r t  o f  the  cord (F ig s . 10, 11, 13, 
14, 32 j Table 2 ) .  There was never any sign  o f  a h y p e rp o la r iz a tio n , 
b u t r a th e r  only  o f  d e p o la r iz a t io n s  comparable in  tim e course to  the  
d o rs a l  ro o t  p o te n tia l*
E v id e n tly , th e  cord f i e ld  p o te n t ia l s  and the  d o rs a l  ro o t 
p o te n t ia l s  can b o th  be exp lained  by th e  d e p o la r iz a tio n  o f  prim ary 
a f f e r e n t  te rm in a ls  which has been shown to  be th e  cause o f  th e  EPSP 
d ep re ss io n  o f  Frank & F u o rtes  (1957). F u rth e r d e t a i l s  about the  
p ro p e r t ie s  o f  th e  f i e ld  p o te n t ia ls  and DRPs must be considered  b e fo re  
they  can be a sc rib e d  to  d e p o la r iz a tio n s  o f  p a r t i c u la r  f ib r e  ty p e s .
C. Slow P o te n t ia ls  Produced by Affe re n t  Vol le y s  in  F lexor 
-SSd =Q£kensox Nerves., From th e  evidence p re sen ted  in  s e c tio n s  I I I
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and IV, i t  would be expected th a t  v o lle y s  in  b o th  f le x o r  and ex ten so r 
n e rv es  would produce P waves and DRPs. The f le x o r  v o lle y s  d e p o la r ize  
b o th  Group l a  and lb  f ib r e s  (F ig s . 8 -12 , 28, 3 0 , 32 ; Tables 1 , 2 , 4 , 
5 ) ,  and ex ten so r v o lle y s  d e p o la r iz e  Group lb  f ib r e s  (F ig s . 28, 29,
31, 32; T ab les 2 , 5 ) .  In  a d d it io n , Group I  v o lle y s  o f  muscle ne rv es  
seem to  have some d e p o la r iz in g  a c tio n  on f le x o r  r e f le x  a f f e r e n ts  
(E cc le s , Kostyuk & Schm idt, 1962b; Schmidt & W il l i s ,  1962b).
In  th e  experim ent i l l u s t r a t e d  in  F ig . 4G, P waves were 
recorded  a t  v a rio u s  segm ental l e v e l s ,  as in d ic a te d .  Both f le x o r  
and e x ten so r a f f e r e n t  v o lle y s  produced P waves, the  most p o te n t 
n e rv es  being  PBST and PDP (A-D and E~H re s p e c t iv e ly ) ,  b u t th e  
ex ten so r n e rv e , q u ad ricep s , had a s tro n g  a c tio n  (Q-T).
D orsal ro o t p o te n t ia l s  p rovide a  b e t t e r  o p p o rtu n ity  fo r  
observ ing  th e  e f f e c t s  o f  ex ten so r n e rv e s , s in ce  cord p o te n t ia l s  are 
o fte n  d is to r te d  by o th e r  ty p es  o f  p o te n t i a l s .  In  F ig . 41 , th e  f le x o r  
n e rv e s , PDP and PBST (A-C) had th e  g r e a te s t  a c t io n , b u t a l l  the  
ex ten so r n erves produced d e te c ta b le  DRPs when the  s tre n g th  o f  
s tim u la tio n  was ju s t  maximal fo r  Group I  (D-F). When the  s tim u lu s  
s tre n g th  was in c re a se d , so as to  inc lu d e  Group I I  f ib r e s  in  th e  
v o l le y s ,  a l l  th e  DRPs were in c reased  in  s iz e  (G-L). For t h i s  re a so n , 
i t  was necessary  to  study th e  e f f e c t s  o f  graded s tre n g th s  o f  
s tim u la tio n  to  be sure th e  DRPs a t t r ib u te d  to  Group I  (A-F) were n o t 
in  f a c t  due to  low th re sh o ld  Group I I  f ib r e s  ( c f .  R.M. E cc les  & 
Lundberg, 1959b).
F ig . 42 shows th e  P waves and DRPs produced by 4 PBST v o lle y s  
(3G 0/sec) evoked by a range o f  stim ulus s t r e n g th s .  Sample re c o rd s  
are shown in  A, th e  upper t r a c e s  being  th e  DRPs and th e  lower t r a c e s
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the  P w aves. The double s tim u lu s  techn ique  was a p p lied , u s in g  b o th  
the  4 th  and the  1 s t o f  the  4 v o lle y s , as in d ic a te d  in  D; sample 
re c o rd s  o f  the  s e r ie s  employing the  4 th  v o lle y  are shown in  B. The 
am plitudes o f  th e  DRPs and P waves produced by v a rio u s  s tim u lus 
s tre n g th s  o f  PBST are p lo t te d  in  C (open c i r c l e s  showing the  DRPs 
and f i l l e d  c i r c l e s  th e  P w aves). Both th e  DRPs and th e  P waves 
appeared when the s tim u lu s  s tre n g th s  employed were s t i l l  su b th resh o ld  
fo r  th e  lb  f ib r e s ;  th e re  were no slow p o te n t i a l s ,  however, u n t i l  the  
Group l a  v o lle y  had reached about 3>0% o f  i t s  maximum. The increm ent 
in  th e  slow p o te n t ia ls  which seems to  have been produced by the  
Group lb  component d id  n o t beg in  u n t i l  th e  Group lb  v o lle y  was about 
20% o f  i t s  maximum. Thus, in  producing slow p o te n t ia l s ,  each 
component o f  th e  Group I  v o lle y  appears to  re q u ire  summation o f  th e  
e f f e c t s  o f  a number o f  im pulses b e fo re  any r e s u l t s  are d e te c ta b le .
The slow p o te n t ia l s  reached a p la te a u  when the  Group I  v o lle y  was 
maximal; th e re  was l i t t l e  change as the  Group I I  f ib r e s  were included  
in  the  v o lle y s  by stim u lu s  s tre n g th s  to  about 7 tim es th re s h o ld . With 
s t i l l  s tro n g e r s tim u li ( lo  tim es th re sh o ld )  which should have included 
many Group I I I  f ib r e s  (R.M. E ce le s  & lundberg , 1959b), the  DRP 
in c reased  in  am plitude, a lthough the  P wave d id  n o t .  The d if fe re n c e  
in  behav iour in  the  slow p o te n t ia l s  in  t h i s  in s ta n ce  may have been 
due to  c o n f l ic t in g  f i e ld  p o te n t ia l s  in  th e  c o rd .
The requ irem ent o f  summation shown by t h i s  experim ent i s  in  
agreement w ith  evidence p re sen ted  in  se c tio n s  I I I  and IV th a t  
summation i s  o f  im portance in  a c t iv a t in g  p re sy n ap tic  in h ib i to r y  
pathways from muscle a f f e r e n ts  in  a d u lt c a t s .  But in  a d d itio n ,
F ig . 42 suggests  th a t  th e re  i s  a  se p a ra tio n  o f  th e  pathways by which
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Group l a  and lb  f ib r e s  produce th e  PAD, sin ce  summation seems to  
be re q u ired  fo r e f f e c t s  to  be observed from each component o f Group 
I .  Much o f  th e  DRP and P wave produced by the  PBST nerve in  F ig . 42 
can presumably be a t t r ib u te d  to  a d e p o la r iz a t io n  o f  Group l a  and lb  
f ib r e s  o f  a wide v a r ie ty  o f  muscle n e rv e s . In a d d itio n , th e re  may 
be a c o n tr ib u tio n  from d e p o la r iz a t io n s  o f  o th e r  f ib r e  ty p e s , b o th  o f  
muscle and cutaneous n e rv e s . The e x te n t o f  t h i s  c o n tr ib u tio n  has n o t 
as y e t  been determ ined .
The DRPs and P waves produced by s tim u la tio n  o f an ex ten so r 
nerve are shown in  F ig . 43 where advantage was taken  o f an alm ost 
complete sep a ra tio n  o f  th e  l a  and lb  components o f  th e  Group I  
v o lle y  in  th e  SMAB n e rv e . Specimen re c o rd s  in  A show th e  DRPs 
(upper t r a c e s )  and P waves (low er t r a c e s )  which were produced by 
4 SMAB v o lle y s  (3^0 /sec)*  The s tim u lu s  s tre n g th  was v a ried  over a 
wide ran g e . The e n t i r e  s e r ie s  from which the  specimen re c o rd s  were 
taken  i s  p lo t te d  in  G. The r e la t io n s h ip  between stim ulus s tre n g th  
and th e  Group Ia - Ib  com position o f  the  v o lle y s  was determ ined by the  
d o u b le -s tim u lu s  te ch n iq u e , u s in g  th e  4 th  v o lle y  o f  the  te ta n u s .  
Specimen re c o rd s  o f  the  d o u b le -s tim u lu s  s e r ie s  are shown in  B and 
th e  f u l l  s e r ie s  i s  p lo t te d  in  D. There was no d e te c ta b le  PAD when 
th e  stim ulus s tre n g th  was maximal fo r  th e  Group l a  a f f e r e n t  f ib r e s  
(1 .47 tim es th re s h o ld ) ;  the  f i r s t  in d ic a t io n  o f  the  PAD occurred  
when th e  lb v o lle y  was about 20$ o f  i t s  maximum ( l .$ $  tim es th re sh o ld ; 
and th e  PAD grew th e r e a f te r  in  p a r a l l e l  w ith  th e  lb  v o lle y . L i t t l e  
was added by the  Group I I  f i b r e s .
The SMAB Group l a  v o lle y  had no d e te c ta b le  a c tio n  in  de­
p o la r iz in g  a f f e r e n t  f ib r e s  o f  any ty p e . The e f f e c t  o f  th e  lb
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component o f  the SMAB volley In producing sizable DRPs and P waves 
i s  at lea st partly attributable to the depolarization o f Group lb 
fibres; i t  would be expected that few, i f  any, Group la  fibres 
would be depolarized by the SMAB volleys (Tables 1, 2, 4 ). As in 
the case o f flexor nerves, the extent o f depolarization of other 
fibre types o f muscle and cutaneous nerves by extensor afferent 
volleys has not been determined.
The inconstancy of Group II fibres o f muscle in producing a 
sign ifican t PAD i s  d if f ic u lt  to understand (c f . Fig. 41 with F igs.
42 & 43) .  However, i t  i s  known that the condition o f the prepara- 
affects the central activ ity  o f high threshold muscle afferent 
fibres (R*M. Eccles & Lundberg, 1959b), and i t  would not be surpris­
ing i f  other factors, such as leve l o f anaesthesia, were operative 
as w ell.
Additional evidence about the fibre types which are depolariz* 
ed by flexor and extensor muscle nerves was obtained by mapping the 
cord potentials produced by afferent volleys in FEST, PDP and SMAB 
nerves. The potential f ie ld s  produced by the Group la  component 
of the P3ST volley were recorded, as well as the fie ld s from the 
entire Group I PBST vo lley . Subtraction of the la  fie ld s from the 
Group I f ie ld s  gave the contribution of the lb component. Since i t  
has been shown that the PAD produced by Group I SMAB volleys i s  due 
largely or entirely to the action of lb fib res, i t  i s  o f particular 
in terest to compare the distribution of the fie ld  potentials of 
the lb fibres o f SMAB and of PBST.
The fie ld  potentials were recorded by means o f a low 
resistance glass microelectrode f i l le d  with 4M NaCl, just as for
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th e  map shown in  F ig . 37 . Three p a r a l l e l  t r a c k s  were made in  th e  
experim ent i l l u s t r a t e d  in  F ig s . 44 & 4$ . The tra c k s  were sep a ra ted  
by 200 m icrons, and t h e i r  approxim ate lo c a t io n s  in  the  sp in a l 
co rd , as determ ined h is to lo g ic a l ly  from th e  lo c a tio n  o f  the  
m ic ro e lec tro d e  which was l e f t  in  s i t u ,  are  shown by the  dashed l in e s  
in  F ig . 45 . The tra c k s  can be seen to  p a ss  th rough b o th  th e  
in te rm e d ia te  and th e  motor n u c le u s . The m ic ro e lec tro d e  was in s e r te d  
to  a  dep th  ju s t  g re a te r  th an  4 .5  mm, and then  i t  was withdrawn to  
4 .5  mm fo r  th e  f i r s t  r e c o rd s .  The f ie ld  p o te n t ia l s  produced by 
4 Group l a  and a lso  Group I  PÖST v o lle y s , 4 Group I  SMAB v o lle y s , 
and 4 Group I  PDF v o lle y s  were recorded  a t  each 200 m icrons as th e  
e le c tro d e  was withdrawn toward the  cord dorsum. P waves were a lso  
recorded  by a lead  p laced  on th e  su rface  o f  th e  cord n ear th e  p o in t 
o f  e n try  o f  the  ra ic ro e le c tro d e . F ig . 44 shows the  r e s u l t s  o b ta ined  
from one o f  the  t ra c k s  (the  m iddle one, a s  in d ic a te d  by the  arrows 
in  F ig , 4 5 ) . The sample re c o rd s  in  F ig . 44 A and B are arranged so 
th a t  th e  columns show th e  p o te n t ia l s  which were produced by s tim u la ­
t io n  o f  th e  v a rio u s  n e rv e s , w hile  th e  rows correspond to  th e  
d i f f e r e n t  d e p th s , as in d ic a te d  (mm). The p o te n t ia l s  recorded  from 
the  su rface  e le c tro d e  are shown in  A, w hile those  recorded  th rough  
the  m ic ro e lec tro d e  are in  B (note th e  d if fe re n c e  in  a m p lif ic a t io n ) .
The e n t i r e  s e r ie s  from which th e  sample re c o rd s  were taken  
i s  p lo t te d  in  F ig . 44C. The symbols fo r  each nerve used are  shown. 
The f i e ld  p o te n t ia l s  produced by FBST Group l a  v o lle y s  were 
su b tra c te d  from those  produced by PBST Group I  v o lle y s , g iv in g  a 
p lo t t in g  in  C o f  th e  lb  component alone (dashed l i n e ,  f i l l e d  c i r c l e s )  
A ll p o te n t ia l s  were measured a t a p o in t 30  msec a f t e r  the  l a s t
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v o lle y  had en te red  the  cord ( in d ic a te d  by arrows in  the  re c o rd s  
in  B taken  a t  0 .7  mm d e p th ) , th u s  avo id ing  the  com plication  
in tro d u ced  by fo c a l sy n ap tic  p o te n t ia l s  o f  the  in te rm ed ia te  and motor 
n u c le i .
The zone o f  maximum n e g a tiv i ty  fo r  th e  Group l a  and lb  
v o lle y s  o f  PBST and th e  Group I  v o lle y s  o f  PDP was in  th e  motor 
n u c leu s  ( a t  about 4 .1  mm d e p th ) . That fo r  th e  SMAÖ v o lle y s  seemed 
to  be more s u p e r f ic ia l ,  occupying th e  in te rm e d ia te  reg io n  (about 
2 .0 -2 .5  mm). The r e v e r s a l  p o in ts  were p a r t i c u la r ly  r e le v a n t  in  
showing d if f e r e n c e s  in  th e  behav iour o f  th e  f i e ld  p o te n t ia l s  produced 
by th e  v a rio u s  n e rv e s . The r e v e r s a l  p o in t o f  the  f i e ld  p o te n t ia l s  
o f  th e  Group I  PDP v o lle y  was th a t  expected from the  p rev io u s  s tu d y , 
about 1 .9  mm ( c f .  F ig . 3 7 ) . However, the  Group l a  component o f  the  
PBST v o lle y s  produced a f i e ld  p o te n t ia l  which rev e rsed  a t  a c o n s id e r­
ably deeper l e v e l ,  about 2 .6  mm. On th e  o th e r  hand, the  Group lb 
component o f  the PBST v o lle y  rev e rsed  more s u p e r f ic ia l ly ,  a t  around 
1 .6  mm. I f  the  f ie ld  p o te n t ia l s  o f  the  e n t i r e  Group I  PBST v o lle y  
were p lo t te d ,  the  r e v e r s a l  p o in t would resem ble t h a t  o f  the  PDP 
f i e ld  p o te n t i a l s .  The SMAB p o te n t ia l s  rev e rsed  s t i l l  more super­
f i c i a l l y ,  a t  a dep th  o f  about 1 .4  ram. The zone o f  maximum p o s i t iv i ty  
fo r  a l l  the  p o te n t ia l s  was n ear 0 .5  mm.
The c h ie f  p o in ts  o f  t h i s  study are emphasized in  th e  maps 
o f  th e  cord f i e ld  p o te n t ia l s  shown in  F ig . 45 . The a reas  o f  maximum 
n e g a t iv i ty  and p o s i t i v i t y  and the  r e v e r s a l  l in e s  fo r  each ty p e  o f  
v o lle y  are in d ic a te d .  The p o s i t io n  o f  h y p o th e tic a l core conductors 
which, i f  d e p o la r ize d  v e n t r a l ly ,  could produce th e  f i e ld  p o te n t i a l s ,  
are in d ic a te d  by th e  hatched  r e c ta n g le s .  I t  i s  suggested th a t  th e
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f i e ld  p o te n t ia l s  o f  Group l a  PBST f ib r e s  could b e s t  be exp lained  i f  
they  d ep o la rized  only  Group l a  te rm in a ls  in  th e  motor n u c leu s . The 
p o te n t ia l s  produced by th e  lb  f ib r e s  o f  PBST could be exp lained  i f  
th ese  f ib r e s  d ep o la rized  Group l a  f ib r e s  in  th e  motor nu c leu s  and 
a lso  f ib r e s  in  th e  in te rm ed ia te  n u c leu s . The f ie ld  p o te n t ia l s  from 
PDP Group I  v o lle y s  would be produced in  th e  same way as th e  combina­
t io n  o f  l a  and lb PBST v o lle y s . On the  o th e r  hand, th e  f i e ld  
p o te n t ia l s  from th e  SMAB Group I  f ib r e s  suggest t h e i r  p ro d u c tio n  
c h ie f ly  by d e p o la r iz a t io n  o f  f ib r e s  in  th e  in te rm ed ia te  n u c le u s . The 
experim ents i l l u s t r a t e d  in  F ig s . 28.-3c^Tab4e3S lead  to  the  conclusion  
t h a t  some o f  the  f ib r e s  d ep o la rized  in  th e  in te rm ed ia te  nu c leu s  
belong  to  Group lb .
D. D iscu ssio n . C onsiderable ev idence has been p re sen te d  
in d ic a t in g  th a t  d o rs a l  ro o t p o te n t ia l s  and cord dorsum P waves are 
produced by th e  same p ro c e ss . Of th e  se v e ra l th e o r ie s  which have 
been proposed to  ex p la in  the  g en era tio n  o f  DRPs (Barron & M atthews, 
1938a; Bonnet & Bremer, 1930a, b ; K oketsu, 1956b), only  t h a t  o f  
Koketsu, which i s  e s s e n t i a l ly  the  same as the  view suggested by E c c le s , 
Magni & W il l is  (1962) and followed h e re , can f u l ly  e x p la in  the  
exp erim en ta l d a ta .  There i s  very s tro n g  evidence th a t  th e  PAD 
produced by muscle a f f e r e n t  v o lle y s  re q u ire s  an in te rn e u ro n a l pathway, 
th u s  ru l in g  o u t th e  p ro p o sa l o f  Barron & Matthews (1938a) t h a t  DRPs 
are produced by a type o f  a f te r - p o te n t i a l  in  th e  te rm in a ls  o f  prim ary 
a f fe re n t  f ib r e s  which have p re v io u s ly  been a c t iv a te d .  Nor i s  i t  now 
p o ss ib le  to  hold th e  th e o ry  o f  Bonnet & Bremer (1938a, b ) th a t  DRPs 
are produced by e l e c t r i c a l  f i e ld  p o te n t ia l s  generated  in  a p p ro p ria te ly  
o r ie n te d  in te rn e u ro n e s . The d i s t r ib u t io n  o f  f i e ld  p o te n t ia l s  a c tu a lly
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observed would produce a h y p e rp o la r iz a tio n  o f  the  a f fe re n t  f ib r e s  
as they  pass  through th e  cord dorsum, and y e t  th ey  are d e p o la r iz e d .
However, the  ex p erim en ta l o b se rv a tio n s  f i t  th e  concept th a t  
prim ary a f f e r e n t  f ib r e s  are  a c t iv e ly  d e p o la r iz e d , whether p re v io u s ly  
f i r e d  o r  n o t ,  by a p ro cess  lo c a ted  n ear th e  te rm in a ls .  I t  has been 
suggested  th a t  t h i s  d e p o la r iz a t io n  m ight be caused by a chem ical 
t r a n s m it te r  (Jung, 1953; F a t t ,  1954; K oketsu, 1956a), b u t no 
s a t i s f a c to r y  ex p lan a tio n  o f  th e  source o f  t h i s  t r a n s m it te r  has been 
o f f e r e d .  I t  cannot be a leakage from a c tiv e  sy n ap tic  c l e f t s  upon 
p o s tsy n a p tic  u n i t s ,  fo r t h i s  could n o t ex p la in  th e  h ig h ly  o rgan ized  
p a t te r n s  o f  d i s t r ib u t io n  o f  the  PAD which are in  f a c t  o b serv ed . One 
cannot escape th e  conclusion  th a t  the  chem ical t r a n s m it te r  i s  
re le a s e d  a t  sp e c ia l  synapses which a c t upon p re sy n ap tic  en d in g s .
As mentioned e a r l i e r ,  th e re  i s  now h is to lo g ic  evidence fo r t h i s  type 
o f  sy n ap tic  arrangem ent.
With the  above v iew p o in t, i t  becomes p o ss ib le  to  sy n th es ize  
a wide v a r ie ty  o f  d a ta  r e l a t in g  to  prim ary a f f e r e n t  d e p o la r iz a t io n .
As mentioned p re v io u s ly , th e re  i s  g en e ra l agreement th a t  d o rs a l  ro o t  
r e f le x e s  are  produced by th e  PAD. A number o f  w orkers have d e sc rib ed  
th e  correspondence between DRPs o r P waves and e x c i t a b i l i ty  changes 
produced in  d o rsa l ro o t f ib r e s ,  d o rs a l  column f ib r e s  o r c o l l a t e r a l s  
o f  prim ary a f fe re n t  f ib r e s  (G rundfest & Magnes, 1951; Pudin & Eisenman 
1953; 1954a, b; Eisenman & F-udin, 1954; W all, 1958). The r e la t io n s h ip  
between th e  PAD and the  EPSP d e p re ss io n  o f  Frank & F uo rtes  (1957) has 
been d isc u sse d , and v a rio u s  o b se rv a tio n s  o f  in h ib i t io n s  no t e x p lic a b le  
in  term s o f  p o s tsy n a p tic  in h ib i t io n  have been suggested to  be due 
to  p re sy n ap tic  in h ib i t io n .
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A great deal of information must yet be obtained before 
there w ill be a thorough understanding of the fu ll  significance o f  
the presynaptic inhibitory mechanisms activated by Group I muscle 
afferent fibres* The pharmacology of the presynaptic inhibitory 
synapses has only begun to be investigated (Eccles, 1962j Eccles, 
Schmidt & W illis , unpublished observations). The inhibition o f  
Group la  and lb pathways to the intermediate nucleus needs further 
study. The production o f PAD by adequate stimulation of stretch  
receptors has been demonstrated (eg. Brooks & Koizumi, 1956), but 
further work i s  desirable. There are also many d eta ils  concerning 
the organization of pathways which might evoke the PAD, eg. contra« 
la tera l e ffects; forelimb-hindlimb interactions; supraspinal a c tiv ity , 
in  addition, several very sign ificant problems that remain to be 
solved are related to the mechanism o f production o f PAD: the 
equilibrium potential for the depolarization and the manner in which 
depolarization o f terminals reduces transmitter output. It is  
apparent that work in th is  f ie ld  has only begun.
I t  has been dem onstrated  t h a t  th e re  are two d i f f e r e n t  system s 
fo r d e p o la r iz a t io n  o f  low th re sh o ld  muscle a f f e r e n t  f i b r e s .  One 
system in v o lv es  d e p o la r iz a t io n  o f  Group l a  f ib r e s  and th e  o th e r  o f  
lb  f i b r e s .  The two ty p e s  o f  PAD are d is tin g u is h e d  by the  f a c t  t h a t  
th ey  are produced by c h a r a c te r i s t i c a l ly  d i f f e r e n t  in p u ts  in to  th e  
sp in a l cords the  PAD o f  Group l a  f ib r e s  i s  alm ost e n t i r e ly  produced 
by Group l a  and lb v o lle y s  from f le x o r  m uscles; the  PAD o f  Group lb  
f ib r e s  i s  alm ost e n t i r e ly  produced by Group lb  v o lle y s  from bo th  
f le x o r  and ex ten so r m uscles . S ince th e re  i s  no evidence o f  any 
topo g rap h ic  p a t te rn  w ith  e i th e r  type o f  PAD, i t  i s  j u s t i f i a b l e  to  
assemble th e  l a  and lb  f ib r e s  o f  a l l  m uscles o f  a limb in to  two 
re s p e c tiv e  ty p e s , as in  F ig . 46, to  show d iag ram m atica lly  the  
d if f e r e n c e s  between the  re s p e c tiv e  a f f e r e n t  in p u ts  producing PADs 
o f  th e se  two f ib r e  ty p e s . The a f f e r e n t  in p u ts  are pooled to  g ive 
the  b a s ic  type si f le x o r  la ;  f le x o r  lb ;  ex ten so r la ;  ex ten so r lb ; 
f le x o r  and ex ten so r Group I I  and I I I ;  cu tan eo u s. The th ic k n e ss  o f  
th e  arrows g ivesapproxim ate m easures o f  th e  p o te n c ie s  o f  th e se  
v a rio u s  pathways in  producing PADs. The sm all a c tio n  from ex ten so r 
a f f e r e n t  v o lle y s  onto l a  f ib r e s  can u s u a lly  only  be d e te c te d  w ith  
th e  very  la rg e  a f fe re n t  v o lle y s  from qu ad ricep s  m uscle.
A g re a t  d e a l more in fo rm atio n  w i l l  be re q u ire d  b e fo re  i t  
w i l l  be p o ss ib le  to  in te r p r e t  in  d e t a i l  th e  ro le  o f  p re sy n ap tic  
in h ib i t io n  o f  low th re sh o ld  muscle a f f e r e n t  pathways in  th e  fu n c tio n ­
ing  o f  the  nervous system . N e v e rth e le ss , one can surm ise from what 
i s  known about th e  v a r io u s  p re sy n a p tic  in h ib i to ry  systems in  the
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sp in a l cord how they might r e la te  to  current trends o f  thought on 
the part played by cen tra l in h ib ito ry  processes in  sensory in tegra ­
t io n . The organism has at i t s  d isp o sa l a great d iv e r s ity  o f  
inform ation gleaned from i t s  environment through the action o f  i t s  
sense organs. The problem faced by the organism i s  to  s e le c t  the 
s ig n if ic a n t  inform ation so that i t  may rea ct appropriately to the  
circum stance, and to r e je c t  or ignore the ir r e le v a n t, t r i v i a l  d ata . 
I t  i s  o ften  assumed th a t d ec is io n s  as to  the relevance o f  sensory 
data must be made at le v e l  o f  the “higher cen tres,"  but there has 
been much evidence in  the p ast few years th a t a s ig n if ic a n t portion  
o f  the processing o f  sensory data i s  carried  out at the receptor  
le v e l  or at the f i r s t  synaptic relay  o f  a fferen t pathways (Hagbarth, 
I960 ). This a c t iv ity  may be under the control o f  the brain through 
c en tr ifu g a l pathways, but n everth e less  the organization  o f  receptor  
systems may provide an inherent mechanism for in teg ra tiv e  function  
( c f .  the la te r a l  eye o f  Limulus. R a t l i f f ,  1961; H artlin e, R a t l i f f  & 
M ille r , 1961).
Presynaptic in h ib it io n  may be considered as one o f  the 
mechanisms employed by the cen tra l nervous system to con tro l sensory 
in p u t. The manner in which presynaptic in h ib it io n  i s  u t i l iz e d  i s  
not as y e t e n t ir e ly  c le a r . However, cer ta in  p la u sib le  suggestions  
may be considered. For in sta n ce , E cc le s , Kostyuk & Schmidt (1962b) 
point out th at a strong input in  the a fferen t f ib re s  o f  one o f  the 
presynaptic in h ib ito ry  system s, such as th a t activated  by the  
flex o r  r e f le x  a ffe r e n ts , would suppress the a c t iv ity  in  pathways 
being weakly a c tiv a ted , thus c learin g  a way for urgent m essages.
A strong input w i l l  be transm itted d esp ite  a tendency for auto­
in h ib it io n , whereas weak, irre lev a n t s ig n a ls  would be very
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e f f e c t iv e ly  e lim in a ted  in s o fa r  as a  c e n tr a l  a c tio n  i s  concerned*
A more g e n e ra l fu n c tio n  along the  same l in e s  may a lso  be 
su g g ested . An in s t r u c t iv e  analogy may be drawn between p re sy n ap tic  
in h ib i t io n  and th e  surround in h ib i t io n  which has been s tu d ied  in  
the  l a t e r a l  eye o f  Limulus by H a r tl in e  and h is  a s s o c ia te s  (H a r tlin e  
& Graham, 1932$ H a r t l in e , Wagner & MacNichol, 1952$ H a r tl in e , Wagner 
& R a t l i f f ,  1956$ M il le r ,  1957$ H a r tl in e  & R a t l i f f ,  1957$ 1958$ 
Tom ita, 1958$ R a t l i f f ,  1961$ H a r t l in e , R a t l i f f  & M ille r , 1 9 6 l) .
Each o f  th e  photorecep tor o rgans o f  th e  eye, the  om m atidia, in h ib i t s  
the  a c t i v i ty  o f  n e ig hboring  om m atidia in  p ro p o rtio n  to  i t s  own 
a c t i v i t y .  The degree o f  m utual in h ib i t io n  o f  any two om m atidia 
d e c rea se s  w ith  in c re a s in g  d is ta n c e  between the  om m atidia. I f  a 
re g io n  o f  th e  eye i s  i l lu m in a te d , th e  om m atidia a t  th e  c en tre  o f  th e  
s tim u la ted  a re a  are l e s s  a c tiv e  than  those  a t  the  b o rd e rs  because 
o f  th e  g re a te r  exposure to  in h ib i t io n  from a c tiv e  n e ig h b o rs . The 
om m atidia a t  th e  bo rd er o f  th e  illu m in a te d  zone th u s  serve to  
in te n s i f y  th e  c o n tra s t  between th e  illu m in a te d  and n o n -illu m in a ted  
zones. S im ila r ly , th e  n o n ^ac tiv a ted  om m atidia a t  a d is ta n c e  from 
th e  il lu m in a te d  a re a  show a g re a te r  background d isch arg e  th an  the  
ones near the  b o rd e r , fo r  th e  l a t t e r  are more e f f e c t iv e ly  in h ib i te d  
by th e  illu m in a te d  om m atidia. T his h e ig h te n s  th e  bo rd er c o n tr a s t  
f u r th e r .
Although th e  ex ac t mechanism o f  th e  Limulus in h ib i t io n  i s  
n o t as y e t known (Tom ita, 1958$ H a r t l in e , R a t l i f f  & M il le r ,  1961), 
i t  would seem to  p rov ide  a u s e fu l  model o f  a way in  which a sense 
organ may in te g ra te  in fo rm atio n  by s e le c t in g  u s e fu l  d a ta ,  such as 
the  lo c a t io n  o f  b o rd e rs , and by r e je c t in g  i r r e le v a n t  d a ta , such as
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th e  a c tu a l  le v e l  o f  i l lu m in a tio n  on the  dimmer side o f  a b o rd e r .
There i s  evidence th a t  v e r te b ra te  r e t in a s  show a s im ila r  type o f  
in h ib i to r y  a c t i v i ty  (K u ff le r , 1953J Barlow, 1953 J see a lso  G ra n it, 
1947, 1955a).
I t  seems reaso n ab le  to  suggest th a t  p re sy n ap tic  in h ib i t io n  
se rv es  in  much the  same way to  emphasize c o n tra s ts  in  sensory  d a ta .  
This would be p a r t i c u la r ly  u s e fu l  fo r  the  purpose o f sensory  lo c a l iz a ­
t io n .  Evidence th a t  sensory  phenomena c lo se ly  comparable to  th o se  
d e sc rib e d  fo r  th e  Limulus eye do in  f a c t  occur in  som atic sensory  
pathways o f  mammals comes from the  work o f  Mount c a s t le  and h is  
co -w orkers. For in s ta n c e , M ountcastle and Powell (1959) showed 
th a t  s tim u la tio n  o f  a c e r ta in  a rea  o f  th e  sk in  would a c t iv a te  a 
neurone in  th e  sensory  c o r te x  o f  th e  monkey. This a c t i v i ty  could 
be in h ib i te d  by s tim u la tin g  an a re a  o f  sk in  which surrounded th e  
e x c i ta to r y  re c e p tiv e  f i e ld  o f  the  neu rone . Although the in h ib i t io n  
could occur a t  any o f  th e  synapses in  the  som atic sensory pathway, 
p a r t ,  a t  l e a s t ,  would have been due to  p re sy n a p tic  in h ib i t io n  a t the  
le v e l  o f  the  d o rs a l  column n u c le i  (Anderson, E cc les  & Schm idt, 1962; 
o f .  W all, 1958).
Each o f  th e  p re sy n a p tic  in h ib i to r y  system s may serve to  
p ro cess  in fo rm atio n  in  a u s e f u l  fa sh io n  a t  the segm ental le v e l  o r  
a t th e  le v e l  o f  ascending  pathw ays. The Group l a  system i s  unusual 
in  th a t  th e re  i s  a d i s t i n c t io n  between f le x o r  and ex ten so r nerves 
w ith  r e s p e c t  to  th e  p ro d u c tio n  o f  p re sy n a p tic  in h ib i t io n ,  a lthough  
bo th  f le x o r  and e x ten so r l a  pathways re c e iv e  p re sy n ap tic  i n h ib i t i o n .  
Presumably th e re  i s  a fu n c tio n a l s ig n if ic a n c e  in  t h i s  d i s t i n c t io n .  
Perhaps the  f le x o r  po tency  w i l l  be m eaningful in  term s o f  c e r ta in
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phases o f  r e f le x  movements. The lb  system , on the  o th e r  hand, 
seems to  be le s s  d is c r im in a t iv e , in  t h a t  lb  f ib r e s  o f  a l l  ty p es  
o f  muscle e f f e c t iv e ly  d e p o la r iz e  lb  f ib r e s  o f  s im ila r ly  d iv e rse  
o r ig in  and th u s  presum ably in h ib i t  tra n sm iss io n  o f  a l l  lb  pathw ays, 
a t  l e a s t  to  the  in te rm ed ia te  n u c le u s . Thus, th e  lb system i s  a 
type o f  n eg a tiv e  feed-back  mechanism. S im ila r ly , th e re  seems to  be 
no fu n c tio n a l  d iv is io n  o f  th e  f le x o r  r e f le x  a f fe re n t  system according  
to  th e  o r ig in  o f  the  f ib r e  ty p e s  (E cc le s , Kostyuk & Schm idt, 1962b). 
This may h e lp  ex p la in  th e  in h ib i to r y  in te r fe re n c e  observed between 
v a rio u s  ty p es  o f  sensory  in p u t re p o rte d  by W all & C ron ley-D illon  
(I9 6 0 ).
The p re sy n ap tic  in h ib i to ry  system s undoubtedly  p rov ide a 
means fo r  su p ra sp in a l c e n tre s  to  e x e r t  a c o n tro l b o th  o f  segm ental 
r e f le x  mechanisms and o f  the  p ro cess in g  o f  in fo rm ation  d e s tin ed  to  
be forewarded to  th e  b r a in .  There i s  ample evidence th a t  th e re  
i s  a descending c o n tro l o f  s p in a l cord a c t i v i ty  (H agbarth & K err, 
1954; Hagbarth & Fex, 1959; R#M. E cc les  & Lundberg, 1959a; Holmqvist 
& lundberg , 1959; 1961; Holm qvist, lundberg  & O scarsson, I960* Kuno 
& P e r l ,  I9 6 0 ). There i s  a lso  evidence th a t  c e n tr i fu g a l  pathways 
e x i s t  fo r  th e  c o n tro l o f  a c t i v i ty  in  th e  re c e p to r  o rgans o f  the  
s p e c ia l  senses (G ra n it, 1955b; Kerr & H agbarth, 1955; Hesmedt & 
M echelse, 1958; lesm edt & Monaco, 1961; Fex, 1962; c f .  a lso  Kidd, 
1962). Many o f  th e se  c e n tr i f u g a l  system s o f  sensory  c o n tro l invo lve 
in h ib ito ry  p ro c e sse s , b u t th e  p a r t i c u la r  type o f  in h ib i t io n ,  w hether 
p re -  o r p o s tsy n a p tic , has n o t been determ ined in  m ost. However, 
re c e n t f in d in g s  in d ic a te  t h a t  p re sy n ap tic  in h ib i t io n  p lay s  an 
im portan t r o le ,  a t  l e a s t  in  some o f  the  descending  pathways to  the
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spinal cord. Stimulation of the sensorimotor cortex of the 
cat evokes a primary afferent depolarization of Group lb and 
cutaneous afferent fibres; the e ffe c t appears to be mediated 
through rhe pyramidal tract and is sp ec ific  to the appropriate 
limb accordirg to whether the arm or leg area is stimulated 
(Andersen, Eccles & Sears, 1962; Carpenter, Lundberg & N orrsell, 
1962). There is also evidence that there is  a supraspinal 
pathway activating the presynaptic inhibitory system onto 
Group la  muscle afferent fibres. The depression of an 
extracellu larly recorded monosynaptic EPSP of a gastrocnemius 
motoneurone was depicted in  response to reticular formation 
stimulation in a paper by McCulloch, Lettvin, P itts  & Dell (1952). 
The EPSP depression was accompanied by a dorsal root potential*
A similar e ffect may have been responsible for the inhib ition  
of transmission of the monosynaptic reflex  pathway after reticu lar  
formation stimulation reported by Brooks, Koizumi & Seibens (1956) 
and Suda, Koizumi & Brooks, (1958). Recently, Carpenter, Engberg 
& Lundberg (1962) found that stimulation in the medial part of 
the meduxla and the caudal pons produced a dorsal root potential 
in the lumbar cord and increased the ex c ita b ility  of Group la  
f ib res , as well as lb and cutaneous fib res . The la  excitab ility
changes had a time course typical of presynaptic inhibitory  
action . I t  would seem, therefore, that a l l  three presynaptic 
inhibitory systems, Group la , lb and flexor reflex afferent, 
receive supraspinal control. Whether these pathways are u tilized  
in  processes relating to attention , habituation and suggestion
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(cf* A drian , 1953; Hagbarth & Kugelberg * 1958; H agbarth , I960) 
is  y e t to  be determined#
I t  i s  apparen t th a t  p re sy n ap tic  in h ib i t io n  is  
p o te n t ia l ly  one of th e  major fa c to rs  in  th e  c o n tro l of sensory  
inpu t in to  the h igher cen tres#
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TABLE I
Changes in excitability of primary afferent fibres of 
the various muscles specified in column 1, and at the seg^mental 
levels specified in column 2. The conditioning stimulation was by 
four Group I afferent volleys at 300/sec in the various muscle 
nerves specified in columns 3-13, which are arranged according to 
function. The values represent excitability as a percentage of the 
control value and are measured as indicated in Figs. 8 and 9. (From 
Eccles, Magni & Willis, 1962.)
Flexors Extensors
Primaiy
Afierents
Segmental
Level
Hip
TFL SART
Knee
FBST GRAC
GRÄC Mid L5 105 102 138 -
RF Mid Lb 105 120 153 -
RF Lower L5 112 105 160 120
VC Lower L5 108 115 170 120
TFL Lower L6 - 106 156 115
FDHL-P1 L6-L7 101 103 126 -
PDF L6-L7 101 100 120 -
GS Mid L7 100 100 123 -
FDHL Mid L7 - - lb5 -
GS Mid L7 *■» 190 mm
Ank le
&
Toe Hip Knee Ankle & Toe
FDP SMAB VC RF GS PI FDHL
126 - 102 106 98 100
142 - no - 97 101
160 - in - 100 95
170 - - 100 104 100
145 - 122 117 104 104
122 - 104 101 100 -
- - 102 99 100 101
126 - 105 100 - 101
140 101 107 101 -
126 100 98 100 102
TABLE 2
Mean values in  mV of th e  d e p o la r iz a tio n s  (PAD) 
produced by th e  a c tio n  of a f f e r e n t  v o lley s  on the prim ary a f f e r e n t  
f ib r e s  of types l a ,  lb  and I I .  The f ig u re s  in  b ra c k e ts  a re  the  
numbers of f ib r e s  used fo r 'd e te rm in in g  the mean v a lu e s . The 
s t im u li  evoking th e  a f f e r e n t  vo lleys in  the m uscle nerves were 
ju s t  supramaximal fo r  Group I  and th e re  were 4 a t  220 or 3 0 0 /sec . 
The mean PAD values a re  shown fo r  the a c tio n  of each type  of 
v o lle y  on each type of a f f e r e n t  f i b r e ,  bu t a l l  measurements 
on f ib r e s  w ith  r e s t in g  p o te n t ia ls  and sp ik e  p o te n t ia ls  le s s  
than  35 mV were r e je c te d .  Also Group I  f ib r e s  th a t  could n o t 
be id e n t i f i e d  as la  o r lb  were r e je c te d .  (From E ccles, Schmidt 
& W il l i s ,  1962b.)
4 4 4 4 4 4 1 1 1
PBST PDP Q SMAB GS FBHL-P1 SP su PT
0.50 0.36 0.12 0.04 0.02 0.02 0.03 0.02 0.06
(34) (41) (14) (39) (42) (39) (39) (40) (41)
0.46 0.28 0.40 0.42 0.27 0.25 0.10 0.05 0.12
(28) (28) (13) (22) (24) (21) (22) (21) (22)
0 .23 0.22 0.47 0.26 0 .18 0 .13 0.17 0 .1 8 0.10
(6) (6) (2) (6) (5) (6) (6) (6) (6)
II
TABLE 3
Pattern of EPSP depression in the cervical spinal 
cord. Results obtained from the various motoneurones are 
pooled; flexor motoneurones were all of the dorsal interosseous 
group. The mean EPSPs as percentages of controls are shown 
after conditioning by 4 Group I volleys in each nerve. The 
interval between the arrival of the first conditioning volley 
in the spinal cord and the beginning of the EPSP was between 
25 and 60 msec. The figures in parentheses show the number 
of motoneurones investigated for each situation. (From Schmidt 
& Willis, 1962a.)
Motoneurones DI MC ME UL TLO TLA SR
Ex tens ors 8 If' 97 96 94 93 95 95
(22) (n) (13) (21) (14) (18) (13)
Flexors (Dl) - 92 93 96 94 98 94
(6) (12) (n) (13) (13) (6)
TABLE 4
The e x c i t a b i l i t i e s  of Group la  f i b r e s  r e s u l t i n g  
from  c o n d i t io n in g  by the  v o lle y s  as  in d ic a te d  and  m easured 
by th e  te ch n iq u e  i l l u s t r a t e d  in  B ig s . 8 9 and 28 , A ll v a lu es
a re  e x p re s se d  as  p e rc e n ta g e s  of th e  normal e x c i t a b i l i t y *  The 
c o n d itio n in g  muscle a f f e r e n t  v o lle y s  (Group i )  were in  t r a i n s  
of 4 a t  3 0 0 /se c  and a re  in d ic a te d  by the a p p ro p r ia te  symbols 
above th e  colum ns. C utaneous v o lle y s  were a p p l ie d  s in g ly ,  as 
i d e n t i f i e d  by the  sym bols, and were maximal f o r  the a lp h a  g roup . 
The ex d t a b i l i t i e s  w ere a l l  de te rm in ed  a s  t e s t i n g  in t e r v a l s  th a t  
gave th e  optimum e f f e c t .  The f ig u r e s  in  b ra c k e ts  in  th e  two 
upperm ost rows g iv e  th e  numbers o f  experim en ts  i n  which each  
d e te rm in a tio n  was made, and w hich were employed in  d e r iv in g  
th e  mean e x c i t a b i l i t i e s  g iv e n  in  each  e n t ry .  (From E c c le s , 
Schmidt & W i l l i s ,  1962b .)
4 4 4 4 4 4 1 1 1
PBST PBP Q SMB GS FB1IL-P1 SP su PT
PBST l a  f i b r e s  
( in te rm e d ia te  
n u c leu s)
- 118
(5)
104
(4 )
101
(4)
102
(5 )
102
(3)
102
(4)
99
(2)
100
(1)
SMAB la  f i b r e s  
( in te rm e d ia te  
n u c le u s )
136
(3)
- 125
(1)
- - 107
(1)
100
(1)
- -
Means 136 118 108 101 102 102 101 99 100
TABLE 5
Excitabilities of Group lb fibres that resulted 
from conditioning by the volleys specified above the 
columns, and measured by the technique illustrated in 
Figs. 27 and 28. Otherwise as in Table 4. (From Eccles, 
Schmidt & Willis, 1962b.)
4 4 4 4 4 4 1 1 1
PEST PDF Q SMAB GS FBHL-P1 SP SB PT
^BST lb fibres
(intermediate
nucleus)
112
(5)
125
(4)
117
(5)
116
(5)
115
(5)
107
(4)
100
(2)
SMAB lb fibres
(intermediate 124 121 132 - 141 115 105 100 115
nucleus) (4) (1) (2) (2) (1) (2) (1) (1)
Means 124 114 127 117 128 115 ICG 100 115
4 PBST'
4 PDP
msec 400
4 PBST
B ig . 1 » Time c o u rse  o f th e  in h i b i t i o n  of a " n o n - f e c i l i ta te d V  
m onosynaptic r e f l e x  evoked from  the  nerve to  an e x te n so r  m uscle, 
G3, by fo u r  Group I  v o lle y s  in  th e  s p e c i f ie d  f le x o r  n e rv e s .
B r ie f  t e t a n i  o f  f o u r  v o lle y s  a t  3 0 0 /sec  were u sed  f o r  c o n d it io n in g  
a t  a  tim e in d ic a te d  by th e  h a tc h e d  r e c ta n g le .  I n te r v a ls  betw een 
th e  e n try  o f -the f i r s t  c o n d i t io n in g  v o lle y  in to  the  s p in a l  cord  
and th e  o n se t of th e  m onosynaptic r e f le x  s p ik e  a re  p l o t t e d  in  
msec a g a in s t  th e  h e ig h t of th e  c o n d itio n e d  m onosynaptic r e f l e x  
sp ik e  as a  p e rc e n ta g e  o f  th e  mean c o n tro l  s p ik e  h e ig h t .  I n s e ts  
show sam ple re c o rd s  of th e  c o n t ro l  r e f le x  sp ik e s  and of the  
co n d itio n e d  r e f l e x  sp ik e  a t  s e v e ra l  i n t e r v a l s  ( in d ic a te d  in  
msec) from each  o f th e  s e r ie s  u sed  to  p lo t  th e  cu rv es  of A-C.
Note p o te n t i a l  and tim e s c a le s  w ith  i n s e t s ;  th e  low er t r a c e
of each inset record shows the entry of the testing' volley 
into the cord as recorded from the L7 dorsal root. (From Sccles 
Schmidt and Willis, 1962a,)
of each inset record shows the entry of the testing' volley 
into the cord as recorded from the L7 dorsal root. (From Sccles 
Schmidt and Willis, 1962a.)
4 PBST— ►FDHLPl
4 PDP— ►FDHLPL
4 PDP-
? ig .  2 . Time courses of in h ib i t io n  of the  monosynaptic 
r e f le x e s  evoked from nerves to  an  ex tensor and a f le x o r  
muscle by Group I  v o lle y s  i n  f le x o r  nerves as s p e c i f ie d .
A and B show curves of th e  in h ib i t io n  of a " n o n - fa c i l i ta te d "  
FBEL-P1 monosynaptic r e f le x  by fo u r Group I  co n d itio n in g  
v o lle y s  in  the nerves to  PBST and to  FDP re s p e c tiv e ly .
C shows the  tim e cou rse  o f  in h ib i t io n  of a " f a c i l i t a t e d "  
PBST monosynaptic r e f le x  by 4 v o lley s  in  th e  nerve to PDP. 
The co n d itio n in g ' t e t a n i  were a t 220 /sec . (From E ccles, 
Schmidt & W il l is ,  1962a.)
- o ---------g---------8-0—
o 4 FDHLPl
•  4 SMAB
Fig» 5 . Time course  o f in h ib i to r y  a c t io n  by  Group I  
v o lle y s  in  e x te n so r  n e rv es  on m onosynaptic r e f l e x e s  evoked 
by e x te n s o r  a f f e r e n t  v o l l e y s .  A shows the  i n h i b i to r y  
cu rv es  produced  when a " n o n ~ f a c i l i ta te d "  GS m onosynaptic 
r e f l e x  was c o n d itio n e d  by 4 Group I  v o lle y s  (3 0 0 /se c )  
i n  FDHL-P1 (open c i r c l e s )  o r in  SMB ( f i l l e d  c i r c l e s )  in  
a d e c e re b ra te  p r e p a r a t io n ,  B shows th e  e f f e c t s  o f  
c o n d it io n in g  a ’’f a c i l i t a t e d "  GS m onosynaptic r e f l e x  by 
4 Group I  v o lle y s  in  FBHL-P1 and in  SMB n erv es  i n  a 
s p in a l ,  a n a e s th e tiz e d  p r e p a r a t io n .  (From E c c le s , Schm idt 
& W i l l i s ,  1962a)
F ig .  4 » I n h ib i to r y  a c t io n  by Group I  v o lle y s  in  e x te n so r  
n e rv es  on m onosynaptic " n o n - f a c i l i t a t e d "  r e f le x e s  evoked 
by f le x o r  (PBST) a f f e r e n t  v o l le y s .  A shows th e  i n h i b i to r y  
cu rv e  d e r iv e d  from a d e c e re b ra te  an im al when th e  r e f l e x  was 
c o n d itio n e d  by 4 Group I  (2 2 0 /se c )  v o lle y s  in  FDHL-P1 ( f i l l e d  
c i r c l e s )  and  in  GS (open c i r c l e s )  n e rv e s .  B shows th e  curves 
o f f a c i l i t a t i o n  fo llo w e d  by p ro lo n g ed  i n h i b i t i o n  o b ta in e d  
when the  r e f le x  was c o n d it io n e d  by 4 Group I  v o lle y s  (3 0 0 /sec )  
in  Q, (open c i r c l e s )  and  i n  SMAB ( f i l l e d  c i r c l e s )  i n  a s p in a l ,  
a n a e s th e t iz e d  p r e p a r a t io n ,  (From E c c le s , Schm idt & W i l l i s ,  
1962a.)
AO PBST
•  POP
•  1 PDP— ► GS — __ ^JV.__!LA__^JV,
•»V— w — %v— V .—  I  — ' ~
O  2 POP— ► GS
Fig* 5 . S p a t ia l  and tem poral f a c i l i t a t i o n  of p ro longed  
in h ib i t io n *  In  A a re  p lo t t e d  th e  time co u rse s  of i n h i b i t i o n  
o f a ’’f a c i l i t a te d * ' m onosynaptic GS r e f l e x  by s in g le  Group I  
v o lle y s  i n  PBST (open c i r c l e s ) f in  PEP ( f i l l e d  c i r c l e s )  and 
in  the two nerves s t im u la te d  s im u lta n e o u s ly  (c ro s s e s )*  The 
in h ib i to r y  curves of B show the  e f f e c t  o f a s in g le  Group I  
PDP v o l le y  ( f i l l e d  c i r c l e s )  and o f two PDP v o lle y s  3 .7  msec 
a p a r t  (open c i r c l e s )  upon th e  same m onosynaptic GS t e s t i n g  
r e f l e x  u se d  fo r  A. (Prom E cc le s , Schmidt & W i l l i s ,  1 5 6 2 a .)
t
PDP T E T A N U S
lOQT —
1 PDP- F DHLPl
tec  100PDP T ET ANUS  
2 2 0 /t e c ,15 tec
F ±p; , 6 « P o s t te t a n ic  p o t e n t i a t i o n  o f  th e  p ro lo n g ed  in h ib i t i o n  
o f a " f a c i l i t a te d '*  FDHL-P1 m onosynaptic r e f le x  by a  s in g le  
Group I  PDF v o l le y  a t  a f ix e d  in t e r v a l  of 60 m sec. The curve 
p l o t t e d  in  G shows th e  s iz e  of th e  r e f l e x  sp ik e  e x p re s se d  as 
a p e rc e n ta g e  o f  t h e  c o n t ro l  r e f l e x  h e ig h t , b e fo re  and a t  
v a r io u s  tim es ( in  se c o n d s ; a f t e r  th e  c o n d i t io n in g  n erv e  was 
t e t a n iz e d  a t  Group I  s t r e n g th  fo r  15 sec  a t  2 2 0 /s e c .  Sample 
re c o rd s  from th e  s e r i e s  u sed  to  p lo t  th e  cu rve a r e  shown in  
A-F. A shows s e v e r a l  superim posed  re c o rd s  o f th e  c o n t ro l  
r e f l e x  sp ik e , w h ile  B shows superim posed  r e c o rd s  o f  th e  
i n h i b i t e d  r e f le x  s p ik e  b e fo re  th e  te ta n u s ;  C-F show s in g le  
sweeps o f  ihe i n h i b i t e d  s p ik e  a t  v a rio u s  tim es, a s  in d ic a te d  
in  seco n d s, a f t e r  Hie t e t a n u s .  A ll r e c o rd s  w ere made a t  2 .5  
second  in t e r v a l s .  (From E c c le s , Schm idt & W i l l i s ,  1962a.)
F i g . 7 . Types o f a f f e r e n t  f i b r e s  p ro d u c in g  the pro longed  
r e f l e x  in h ib i t io n #  A ran g e  o f s tim u lu s  s t r e n g th s  was 
em ployed f o r  evok ing  th e  c o n d i t io n in g  PBST a f f e r e n t  
v o l le y s  (4 a t  2 2 0 /s e c ) ,  w hich in h i b i t e d  a  ’’f a c i l i t a t e d "  
m onosynaptic FDHL-P1 r e f l e x  a t  a t e s t  i n t e r v a l  o f 60 msec*
The cu rv e  of M p lo t s  th e  s t r e n g th s  o f s t im u la t io n  r e l a t i v e  
to  th e  th re s h o ld  of the PBST nerve a g a in s t  th e  s iz e s  of th e  
t e s t i n g ’ r e f l e x  ex p ressed  a s  a p e rc e n ta g e  o f  th e  mean c o n tro l  
v a lu e .  The cu rv es  of N r e l a t e  th e  p e rc e n ta g e s  o f th e  t o t a l  
Group la  and lb  a f f e r e n t  f i b r e  p o p u la tio n s  i n  th e  c o n d it io n in g  
v o l le y s  to  th e  s tre n g th s  of s t im u la t io n ,  a s  d e term ined  by th e  
d o u b le  s tim u lu s  te c h n iq u e . In  A-F a re  samples o f th e  c o n tro l  
r e f l e x  sp ik e  and  of the i n h i b i t e d  sp ik e  a t  v a rio u s  s tr e n g th s
of c o n d itio n in g  s t im u la tio n  a s  in d ic a te d  r e l a t i v e  to  
th re sh o ld . In  G-L a re  specim en re c o rd s  showing the Ia - Ib  
com position of the  PBST vo lley s  u s in g  the double s tim ulus 
tech n iq u e . G shows th e  second or te s t in g  v o lley  a lo n e , 
w hile in  H-L the  t e s t in g  v o lle y  was preceded by a v o lle y  
produced by the sane s t r e n g th  of s t im u la tio n  as in  th e  
corresponding  same reco rd s  (B~F) of the  r e f le x  sp ik e  
in h ib i t io n .  Note p o te n t i a l  s c a le  fo r  A-F and time s c a le s  
fo r  A-F and G-L. (From E cc les , Schmidt & W ill is ,  1962a.)
Fi/?« 8 . T e s t in g  o f e x c i t a b i l i t y  of Group l a  a f f e r e n t  
f i b r e s  in  th e  m otoneuronal nucleus*  A r e l a t i v e l y  c o a rse  
m ic ro e le c tro  de f i l l e d  w ith  4M-N&C1 and w ith  a r e s i s t a n c e  of 
ab o u t 1 MQ was in s e r t e d  i n to  th e  FDHL motor nucleus and  s in g le  
p u ls e s  of 0 .1 5  msec d u ra tio n  were a p p l ie d  by a G rass S tim u la to r  
w ith  I s o la t io n  U n it, th e  e le c t ro d e  b e in g  n e g a t iv e  to  the 
in d i f f e r e n t  e le c t r o d e .  S in ce  th e  L6 L7 and S I v e n t r a l  r o o ts  
had been c u t ,  th e  sp ik es  re c o rd e d  a t  b r i e f  la te n c y  (2 ,0  msec) 
in  FDHL n e rv e  (A-D) must have been  due to  im pu lses in  Group l a  
f i b r e s  d i r e c t l y  s t im u la te d  by th e  p u ls e s .  The v o lta g e  g iv in g  
the  c u r re n t  p u ls e s  was in c re a s e d  from  60 to  100 V, as shown 
by th e  la b e ls  above th e  r e s p e c t iv e  colum ns. A and D give 
c o n t r o l  re sp o n se s  f o r  th e se  v a r io u s  s t im u l i ,  w h ile  B and C
show sp ik e  p o te n t ia ls  produced by th e  same s t im u li ,  but 
a f t e r  c o n d itio n in g  by one or two PBST v o lle y s , 14 msec 
e a r l i e r .  In  C the  2 PBST v o lley s  were 3 .5  msec a p a r t .
Note same time and  p o te n t ia l  s c a le s  fo r  a l l  re c o rd s . Each 
sp ike  was formed by th e  su p e rp o s itio n  of abou t f iv e  f a in t  
tra c e s  re p e a te d  a t  an in te r v a l  of 1 sec . A diagrammatic 
i l l u s t r a t i o n  of the  ex p erim en ta l arrangem ents i s  shown in  
(From E ccles, Magni and W il l is ,  1962.)E.
- f -  C O N  
X C O N  
•  1 PBST 
O 2 PBST
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F ig .  9 . E x c i t a b i l i t y  of Group la  a f f e r e n t  f i b r e s  i n  
mot oneurona 1 n u c le u s .  S iz e s  o f th e  sp ik e  re sp o n se s  
i l l u s t r a t e d  i n  F ig .  8 a re  p lo t t e d  as  o rd in a te s  a g a in s t  
th e  r e s p e c t iv e  p u lse  s t r e n g th s  a s  a b s c is s a e .  The c o n tro l  
sp ik e s  o f F ig .  8A and D a re  r e p re s e n te d  by u p r ig h t  and o b liq u e  
c ro s s e s ,  r e s p e c t iv e ly ,  an d  one cu rv e  i s  drawn fo r  t h i s  c o n t ro l  
s e r i e s ,  w h ile  F ig .  8B i s  r e p re s e n te d  by d o ts  and C by open 
c i r c le s *  The th r e e  b ro k en  l in e s  a re  drawn i n  fo r  com parison 
of s t r e n g th s  o f s t im u l i  g iv in g  sp ik e  p o te n t i a l s  o f 0 .2 9 ,
0 .21  and  0 .1 3  mV. (From E c c le s , Magni and W i l l i s ,  1 9 6 2 .) .
IF ig . 10» I n t r a c e l lu la r  re c o rd in g  from a Group la  prim ary 
a f fe re n t  f ib r e  of the  GS nerve . The th re sh o ld  s tim ulus s tre n g th  
f o r  th is  f ib r e  in d ic a te s  th a t  i t  belongs to  the  lowest th re sh o ld  
component o f the Group I v o lle y , a s  shown in  A, The maximum 
Group I v o lley  may be seen in  th e  upper tra c e  of 33. The sp ik e  
was photographed a t th e  end of th e  experim en tal s e r ie s  when the 
r e s t in g  p o te n t ia l  had g r e a t ly  d e c lin ed . C-G show the e f f e c t s  
o f Group I a ffe re n t  v o lle y s  in  the PBST and PDF n e rv es . The 
upper t r a c e s  are the co rd  dorsum reco rd s  and a re  d i s to r te d  by 
a s h o r t time co n stan t a m p lif ie r ;  p o s i t iv i ty  is  upward. The 
middle t ra c e s  are  the i n t r a c e l lu la r  re c o rd s , d e p o la r iz a t io n  
being  upwards. The low er tra c e s  a re  the f i e l d  p o te n t ia ls  
recorded  when the micro e le c tro  de had been withdrawn to  a  ju s t  
e x t r a c e l lu la r  p o s i t io n ;  ag a in , an upward d e fle x io n  i s  p o s i t iv e .
Subtraction of the extracellular f ie ld s  from the in tracellu larly  
recorded potentials gives the membrane potential change. This 
has been done in H for the records of E-G. Note the separate 
time and potential scales for A, B and C-G. The diagram in I 
shows the experimental arrangements. (Fran Eccles, Magni and 
W illis, 1962.)
Fig« 11. I n t r a c e l lu la r  re c o rd in g  of prim ary a f f e r e n t  d e p o la r iz a tio n . 
As shown by the spilce responses to  a quadriceps a f f e r e n t  v o lle y  
in  A B (low er tra c e s )  the m ic ro e lec tro d e  was in s e r te d  in to  a Q, 
a f fe re n t  f i b r e .  The th re sh o ld  s tim u lu s  s t r e n g th  fo r  th is  f ib r e  
e x c ite d  a la rg e  la  a f f e r e n t  v o lle y  w ith  no s ig n  of a lb  component, 
as may be seen  by comparing- the upper tra c e s  of A and B, which 
were reco rded  from ihe L6 d o rsa l ro o t  by a su rfa c e  e le c tro d e .
With B the  Qnerve stim ulus was supramaximal fo r  Group I .  With 
a l l  e th e r  reco rd s  (C-M) the upper tra c e  s ig n a lle d  the a f fe re n t  
v o lle y s , but the tin e  c o n s ta n t o f the a m p lif ie r  was too b r ie f  
to  re c o rd  cord  dorsum P waves. The second tra c e  in  these re c o rd s  
i s  th e  i n t r a c e l lu l a r  p o te n t ia l  recorded  w ith  an  a m p lif ie r  w ith a 
tim e c o n s ta n t of 1 sec , w h ile  the low est t ra c e  g ives the p o te n t ia l  
produced by an id e n tic a l  s e r i e s  of nerve v o lle y s , bu t recorded
a f t e r  w ithdraw al of the micro e lec tro d e  to  a ju s t  e x t r a c e l lu la r  
p o s i t io n .  Ary change o f p o te n t ia l  ac ro ss  the f ib r e  membrane 
would be r e g is te r e d  as the  d iffe re n c e  between th e  i n t r a c e l l u l a r  
and e x t r a c e l lu la r  t ra c e s  when th e  i n i t i a l  p a r ts  of t h e i r  t r a c e s  
were superim posed. Note th a t  d e p o la r iz a tio n s  of th e  f ib r e  
occu rred  in  C? K, L, but th a t  th e re  was v i r t u a l l y  no membrane 
change in  a l l  o th e r re c o rd s . Four v o lley s  a t  2Q0/sec in  the 
nerves in d ic a te d  by symbols were employed in  C -I , and w ith J-M 
v a rio u s  numbers o f  PBST v o lley s  a t  the same frequency  were 
employed. Note h ig h er a m p lif ic a tio n  f o r  J-M and same time s c a le  
fo r  C-M. Muscle a f f e r e n t  v o lle y s  were maximum f o r  Group I ,  
w hile  cutaneous v o lley s  were gen era ted  by s t im u l i  th re e  to  
fou r times th re s h o ld . (From E ccles, Magni & W illis^  1962.)
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P i# . 12 . Time co u rses  o f  e x c i t a b i l i t y  changes produced  
by PBST v o lle y s  i n  Group la  a f f e r e n t  f i b r e s .  The e x c i t a b i l i t y  
changes o f GS l a  f ib r e s  a re  m easured as  i n  F ig .  8 and 9 by 
f i r s t  d e te rm in in g  th e  s iz e s  of sp ik es  produced  i n  "the GS nerve  
by c u r re n t  p u ls e s  produced by a whole ran g e  o f v o l ta g e s .  A 
specim en s e r ie s  i s  shown i n  th e  CALIB s e r i e s  f o r  th e  in d ic a te d  
v o l ta g e s .  I n  th e  s e r ie s  o f  A, th e  t e s t i n g  p u lse  v o lta g e  was 
c o n s ta n t a t  96V, and i t  was a p p l ie d  a t  v a r io u s  in t e r v a l s  a f t e r  
a s in g le  Group I  PEST v o lle y , as shown i n  the specim en  re c o rd s .  
The s iz e  o f  th e  sp ike  so p roduced  a t  any t e s t  i n t e r v a l  i s  m atched 
a g a in s t  th e  CALIB s e r ie s ,  a s  w ith  th e  h o r iz o n ta l  b ro k en  l in e s  
in  F ig .  9, in  o rd e r  to  d e term in e  the r e l a t i v e  e x c i t a b i l i t i e s ,  
w hich a r e  p lo t t e d  as  o rd in a te s  in  th e  g raph  o f A, a g a in s t  the
c o n d i t io n in g  in t e r v a l s  as a b sc is s a e *  S im i la r ly  th e  open 
c i r c l e s  of B g iv e  the p e rc e n ta g e  in c re a s e s  in  e x c i t a b i l i t y  
a t  th e  v a rio u s  in t e r v a l s  a l t e r  c o n d itio n in g  by two PBST 
v o lle y s  a t  3 .5  msec a p a r t ,  time b e in g  m easured from  th e  
f i r s t  c o n d i t io n in g  v o l l e y .  Specimen re c o rd s  a re  g iv e n  i n  
th e  in s e t*  The f i l l e d  c i r c l e s  i n  B g iv e  th e  r e l a t i v e  
e x c i t a b i l i t i e s  a f t e r  fo u r  c o n d i t io n in g  PBST v o lle y s  a t  2 8 0 /s e c . 
(From E c c le s , Magni & W i l l i s ,  1 9 6 2 .)
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F ig . 1 5 » P o s t te t a n ic  p o t e n t i a t i o n  o f  th e  p rim ary  a f f e r e n t  
d e p o la r iz a t io n .  A shows re c o rd s  of re sp o n se s  evoked by a  
s in g le  PBST v o lle y  in  a Group I  q u a d ric e p s  a f f e r e n t  f i b r e .
A f te r  r e p e t i t i v e  s t im u la t io n  o f  the  PBST n e rv e , 3 0 0 /sec  f o r  
15 s e c ,  a s  in d ic a te d  by th e  arrow , th e re  was p o te n t i a t i o n  of 
th e  P wave (upper t r a c e )  and  a l s o  o f th e  p rim ary  a f f e r e n t  
d e p o la r iz a t io n s  re c o rd e d  from  th e  f i b r e  (d i f f e r e n c e  betw een 
m iddle and lo w est t r a c in g s )  a t  2, 4 and 6 sec  (B, C, D), bu t 
a t  54 sec  p o s t t e t a n i c a l l y  (e ) very  l i t t l e  p o te n t i a t io n  rem ained . 
I n  F a re  p lo t t e d  p o in ts  from  th e  s e r i e s  p a r t l y  i l l u s t r a t e d  i n  
A-E, t h e  o rd in a te s  b e in g  th e  s iz e s  of th e  d e p o la r iz a t io n  m easured 
r e l a t i v e  to  th e  mean p r e t e t a n i c  v a lu e . G, H g iv e  specim en 
re c o rd s  c o rre sp o n d in g  to A and D, b u t  f o r  th e  d e p o la r iz a t io n
evoked by seven PEST volleys before (G) and 6 sec after (h ) 
tetanization of PBST (300/sec for 15 sec). The plotted points 
of I are for the series partly illustrated in G, H* Note that 
throughout all observations the testing stimuli to the PBST 
nerve were applied at 2 sec intervals. (From Eccles, Magni & 
Willis, 1962.)
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Fife*» 14. P o s tte ta n ic  p o te n t ia t io n  of prim ary a f f e r e n t  
d e p o la r iza tio n *  A shows reco rd s  of p o te n tia ls  evoked in  
a Group I quadriceps f i b r e  by 4 PEST v o lley s  at 2 8 0 /sec . 
A fte r  te ta n iz a t io n  of the quadriceps nerve, which in c lu d es  
th e  reco rd ed  f i b r e ,  a t  300/sec fo r  15 sec , th e re  was a la rg e  
p o te n t ia t io n  of the d e p o la r iz a tio n  produced by fo u r  PEST 
v o lley s  in  B and C, which p ro g re s s iv e ly  declined  in  1) and A. 
The p o in ts  from the s e r ie s  p a r t ly  i l l u s t r a t e d  in  A-E a re  
p lo t te d  in  F* A fu r th e r  example of th is  type of p o s t te ta n ic  
p o te n t ia t io n  i s  g iven  in  G-I fo r  an o th er prim ary  a f f e r e n t  
f i b r e  from quadriceps m uscle. Throughout a l l  o b serv a tio n s  
of th is  f ig u re  the  t e s t in g  s tim u li  were a p p lie d  a t  2 sec 
in te r v a l s .  (Prom E ccles, Magni & W il l is ,  1962.)
F ig . 15 . E x c i t a b i l i t y  changes p roduced  by la  and lb  
a f f e r e n t  v o l l e y s .  A s in g le  PB3T v o lle y  was evoked by 
s t im u l i  r a n g in g  up to  s ix  tim es th re sh o ld ^  and 8 msec 
l a t e r  Group l a  a f f e r e n t  f i b r e s  were s t im u la te d  th rough  a 
m icro e le c tro d e  and re c o rd e d  in  th e  FDHL nerve  a s  i n  F ig .  8 .
The p u lse  s t r e n g th  and t e s t i n g  i n t e r v a l  were k e p t c o n s ta n t 
th ro u ^ io u t ,  and f o r  th e  v a r io u s  PB5T s t im u l i  ( a b s c is s a e  in  A) 
th e  s iz e s  of the  FDHL sp ik es  were c a lc u la te d  r e l a t i v e  to  th e  
c o n t ro l  and p lo t t e d  as o rd in a te s  in  A. Note th a t  th e  o rd in a te s  
do n o t g iv e  e x c i t a b i l i t y  changes, b u t m ere ly  th e  r e l a t i v e  
s iz e s  o f th e  sp ik e s  in  th e  FDHL n e rv e , and hence a re  m ere ly  
a q u a l i t a t iv e  in d ex  o f e x c i t a b i l i t y .  In  B a re  g iv e n  th e  
p e rce n tag e  la  and  lb  com positions of tie  PBST a f f e r e n t  v o lle y s  
f o r  th e  same a b s c i s s a l  s c a lin g ' a s  in  A. (From E c c le s , Magni & 
W i l l i s ,  1962.)
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F ig . 16. Time course of EPSP d e p re ss io n . The EPSP reco rd ed  
in  a t r ic e p s  la te ra l is -a n c o n e u s  motoneurone, A, was co nd itioned  
by 12 vo lley s  (660 /sec) a t  a s t r e n g th  of s t im u la t io n  maximal 
fo r  the Group I  f ib r e s  i n  the d o rsa l in te ro sse o u s  n e rv e . B-E 
show sample re c o rd s  tak en  a t  th e  t e s t in g  in te rv a ls  in d ic a te d  
in  msec. F i s  a  graph p lo t t in g  th e  h e ig h t of the EPSP as a 
percen tage  of c o n tro l (o rd in a te )  a g a in s t the  in te r v a l  between 
th e  e n try  of the f i r s t  condition ing ' v o lle y  in to  the  s p in a l  
cord  and the beg inn ing  of the  EPSP (a b sc is sa )  fo r  th e  s e r ie s  
from which B-E were ta k e n . G is  a s im ila r  graph from an  
experim ent in  which th e  EPSP of a median m otom eurone was 
cond itioned  a t various in te r v a ls  by 4 Group I  v o lley s  (220 /sec) 
in  th e  d o rsa l in te ro sse o u s  nerve . (Fran Schmidt & W ill is ,  1962a.)
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F ig ,  17. D ep ression  o f th e  EFSP o f a  median mo to  neurone*, 
A i s  th e  c o n t ro l  EFSP p roduced  by s t im u la t io n  of th e  median 
nerve* In  B--F, a b r i e f  te ta n u s  of 4 v o lle y s  (2 2 0 /se c )  in  
each  o f th e  in d ic a te d  n e rv e s  p rece d ed  th e  EPSP by 33 msec* 
The s t r e n g th  of s t im u la t io n  o f the c o n d it io n in g  n e rv e s  was 
j u s t  supram axim al f o r  the  Group I  a f f e r e n t  f i b r e s .  (From 
Schm idt & W i l l i s ,  1962a.)
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F ig . 18 . Prolonged, in h ib i t i o n  o f  m onosynaptic r e f le x e s  in  
the k i t t e n .  A s in g le  Group I v o lle y  in  the  PIP nerve  was 
u sed  to  c o n d itio n  m onosynaptic r e f le x e s  of e i t h e r  PBST o r 
PI m otoneurones. The r e f l e x  d is c h a rg e s  were re c o rd e d  from 
th e  S I v e n t ra l  r o o t .  A shows sample re c o rd s  o f the  in h ib i t i o n  
o f th e  PBST r e f l e x ,  t e s t i n g  in t e r v a l s  b e in g  in d ic a te d  in  msec.
B shows sample re c o rd s  o f th e  in h i b i t i o n  of th e  P I r e f l e x ,
u s in g  th e  same in t e r v a l s  as in  A. The cu rves in  C show th e
tim e course  o f i n h i b i t i o n  i n  each c a se ; th e  sym bols a re  i d e n t i f i e d  in
th e  f ig u r e .  N ote s e p a ra te  p o t e n t i a l  s c a le s  f o r  th e  sam ple
re c o rd s  of A and B. The age o f  th e  k i t t e n  was 28 days.
(Prom R.M. E cc les & W i l l i s ,  1962}
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Fig;. 19. EPSP d e p re s s io n  i n  a k i t t e n .  The EPSP (A, CON) of 
a  P m otoneurone was c o n d itio n e d  a t  v a r io u s  i n t e r v a l s ,  in d ic a te d  
in  msec i n  A, try a s in g le  Group I  v o lle y  i n  the PBST nerve*
The tim e  c o u rse  o f  th e  i n h i b i t i o n  i s  p lo t t e d  i n  B. The k i t t e n  
was 41 days o ld .  (From R.M, E cc le s  and W i l l i s ,  1962 .)
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F ig .  20 . EPSP d e p re s s io n  i n  a k i t t e n .  The EP3P (A, CUN) 
of an  FjDHL motoneurone was c o n d itio n e d  a t  -various i n t e r v a l s ,  
in d ic a te d  in  msec in  A by a s in g le  Group I  v o l le y  i n  the  
FDP n e rv e . The tim e c o u rse  o f i n h i b i t i o n  i s  p l o t t e d  i n  B by 
th e  open c i r c l e s .  A re d u c t io n  in  th e  s iz e  o f  t h e  incom ing t e s t  
v o l le y  may be n o te d  in  A in  th e  low er t r a c e s  of the re c o rd s  
made a t  in t e r v a ls  o f  28 and 59 msec. The time c o u rse  of t h i s  
r e d u c t io n ,  p lo t t in g  the am plitude of the  Group I  v o lle y s  as  a 
p e rc e n ta g e  of th e  c o n t ro l  a g a in s t  tim e , i s  shown in  B, f i l l e d  
c i r c l e s .  The c o rd  dorsum P wave p roduced  by a FDP Group I  
v o lle y  i n  th is  experim en t i s  shown in  C. Note s e p a ra te  tim e 
and p o te n t ia l  s c a le s  f o r  A and C. T his k i t t e n  was 31 days o ld .  
(Prom R.M. E c c le s  & W i l l i s ,  1962 .)
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F ig .  21 . A v e ry  p ro lo n g ed  d e p re s s io n  of th e  m onosynaptic 
r e f l e x  of a k i t t e n .  In  A is  p lo t te d  the tim e co u rse  o f  
d e p re s s io n  of a GS m onosynaptic r e f l e x  by a s in g le  Group I  
PBST v o lle y .  The k i t t e n  was 41 days o ld .  The i n s e t  in  B 
shows the  co rd  dorsum P wave produced  by th e  PB3T v o lle y  i n  
t h i s  an im a l. (From R.M. E cc les  & W i l l i s ,  1962 .)
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Fir;» 2 2 . EPSPs due to  d o r s a l  r o o t  r e f le x e s  in  a  k i t t e n .  
P o s ts y n a p tic  p o te n t ia l s  evoked by th e  in d ic a te d  n erves 
were re c o rd e d  i n t r a c e l l u l a r l y  from  a GS mo tone  u r  one • The 
r a t e  a t  w hich the s tim u lu s  was r e p e a te d  was 0 .3 / s e c  in  
A-F and 1 0 /se c  i n  G-L. S tim u lus s t r e n g th s  were supram axim al 
f o r  Group I  f o r  each  of th e  n e rv e s . The k i t t e n  was 29 days o ld .  
(From R.M. E cc les  & W i l l i s ,  1962 .)
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F ig .  25 . L a te  v e n t r a l  ro o t d is c h a rg e s  a t t r i b u t a b l e  to  d o r s a l  
r o o t  r e f l e x e s  i n  a k i t t e n .  The r e f l e x  d is c h a rg e s  produced by 
a s in g le  Group I  v o lle y  i n  each o f  th e  in d ic a te d  n e rv es  were 
re c o rd e d  from  th e  SI v e n t r a l  r o o t .  M onosynaptic r e f l e x  sp ik e s  
were produced  in  A, C and D, w h ile  l a t e  r e f l e x  sp ik e s  were 
evoked in  A and  B. Note th e  l a t e  n e g a t iv e  waves in  t h e  
s u r fa c e  re c o rd s  o f  A and B (low er t r a c e s )  a s s o c ia te d  w ith  
th e  l a t e  r e f l e x  s p ik e s .  The la te n c y  of th e  l a t e  sp ik e s  in  A 
and  B was 7 .9  m sec. The k i t t e n  was 19 days o ld .  (From 
R.M. E cc les  & W i l l i s ,  1 9 6 2 .)
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F ig .  2 4 . A s s o c ia tio n  o f  l a t e  v e n t r a l  ro o t d is c h a rg e  w ith  l a t e  
EPSP and w ith  d o rs a l r o o t  r e f l e x .  The u p p e r t r a c e s  i n  A-P a re  
i n t r a c e l l u l a r  re c o rd s  from  a p la n ta r  motoneurone* The a n tid ro m ic  
sp ik e  p o te n t i a l  from  s t im u la t io n  of the S I v e n t r a l  r o o t  i s  shown 
i n  A. In  th e  o th e r  r e c o rd s ,  th e  sp ik e s  p o te n t i a l s  a re  produced  
by a l a t e  EPSP evoked by a v o lle y  i n  th e  PBST nerve  (Group i ) .
Note changes i n  g a in :  th e  ICO mV p o t e n t i a l  s c a le  a p p l ie s  o n ly
to  A; th e  5 mV s c a le  a p p l ie s  to  B-C, w hile th e  50 mV s c a le  is  
f o r  E, F . The lov7er t r a c e  in  B shows th e  incom ing PBST v o l le y  
and th e  la te  n e g a tiv e  wave which i s  o f te n  a s s o c ia te d  w ith  th e  
m otoneuronal d isc h a rg e s  evoked by d o rs a l  r o o t  r e f l e x e s .  The 
low er t r a c e s  i n  C-E were re c o rd e d  from  th e  S I v e n t r a l  r o o t  and 
show th e  m onosynaptic r e f l e x  sp ik e  o f PBST and the l a t e  d is c h a rg e .
Note th e  time r e la t io n s h ip  between th e  i n t r a c e l lu l a r ly  reco rd ed  
sp ike  and the l a t e  v e n tra l  ro o t d isch a rg e . The lower tr a c e  in  
F shows the d o rsa l roo t r e f l e x  reco rd ed  from a s l i p  of L6 d o rs a l  
r o o t .  The mV p o te n t ia l  s c a le  ap p lie d  to  the lower tra c e s  of D-F. 
Note s e p a ra te  tim e s c a le s  fo r  A, fo r  B and C, and f o r  D-F. The 
k i t t e n  was 28 days o ld . (From R.M. Eccles & W il l is ,  1962.)
F ig .  2 5 . EPSP d e p re s s io n  and hom osynaptic d e p re s s io n  in  
a k it te n *  The d e p re s s io n  of a m onosynaptic EPSP (A, CON) of 
a n  SMB motoneurone by a p re c e d in g  v o lle y  i n  th e  SMAB n erv e  
i s  i l l u s t r a t e d  by th e  sam ple re c o rd s  in  A ( th e  in t e r v a l s  b e in g  
in d ic a te d  in  msec) and  by the  cu rv e  p lo t te d  by th e  open c i r c l e s  
in  H. The d e p re ss io n  of th e  same EPSP by a  Group I  c o n d itio n in g  
v o lle y  i n  -the PEST n e rv e  i s  shown by the sam ple re c o rd s  in  B 
and p lo t t e d  by the f i l l e d  c i r c l e s  in  H. When th e  EPSP was 
p reced ed  by 5 SMA.B v o lle y s  a t  3 0 0 /sec  (th e  v o l le y s  a re  shown 
in  D) a t  an  in te r v a l  o f 550 msec, the  EPSP was d e p re s se d  to  
th e  le v e l  shown in  C and p lo t t e d  by the c ro s s  a t  th e  r i g h t  in  
H; th e  d e p re ss io n  by th e  same SMB v o lle y s  a t  a n  i n t e r v a l  of 
273 msec i s  shown by th e  c ro s s  a t  th e  l e f t  in  E . The p o s ts y n a p tic
p o te n t ia l s  produced by  the  FBST v o lle y  a re  shown in  E 
( r e p e t i t io n  ra te  1 0 /sec ) and F ( r e p e t i t io n  r a t e  1 /s e c ) .
The co rd  dorsum P wave evoked by the  PBST v o lle y  i s  shown 
in  G. Note sep a ra te  p o te n t ia l  s c a le s  fo r  A-D, E-F and G. 
Note s e p a ra te  tim e s c a le s  f a r  A-C E-F and G; th e re  i s  no 
time s c a le  fo r  D. The k i t t e n  was 39 days old* (From R.M. 
E ccles & W illis , 1962.)
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F i g . 2 6 . D ep re ssio n  o f  the  m onosynaptic r e f l e x  of the  k i t t e n  
a t  d i f f e r e n t  "body te m p e ra tu re s . The m onosynaptic r e f l e x  of 
th e  MG nerve  was c o n d itio n e d  by a s in g le  Group I  PBST v o lle y .  
The body te m p e ra tu re  was a t  f i r s t  5 9 .5 °  ( f a r  bo th  th e  
s u b sc a p u la r  and  th e  poo l te m p e ra tu re s ) ,  and l a t e r  i t  was 
low ered  to  36°C by tu rn in g  o f f  th e  h e a t in g  e le m e n ts . Sample 
re c o rd s  of t h e  r e f l e x  d e p re s s io n s  a t  each  te m p era tu re  a re  shown 
in  A and B, w h ile  th e  tim e co u rse  of d e p re s s io n  i n  each case  
a re  p lo t t e d  i n  C. The open c i r c l e s  show th e  d e p re s s io n  a t  th e  
h ig h e r  te m p e ra tu re , w hile  th e  f i l l e d  c i r c l e s  show i t  a t  th e  
low er te m p e ra tu re . Note th e  g a in  change betw een A and B$ 
th e  m onosynaptic r e f l e x  was in c re a s e d  in  s iz e  by th e  d e c re a se  
in  body te m p e ra tu re . The age o f th e  k i t t e n  was 25 days.
(From R.M. E cc les  & W i l l i s ,  1962 .)
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F ig .  2 7 . The c o l l i s i o n  te ch n iq u e  f o r  th e  d e te rm in a tio n  
o f e x c i t a b i l i t y  changes i n  Group Ih  a f f e r e n t  f i b r e s .  The 
ex p erim en ta l a rrangem en t i s  shown in  E, and th e  d e ta i le d  
d e s c r ip t io n  i s  i n  th e  t e x t .  The a n tid ro m ic  s p ik e  p o te n t ia l  
re c o rd e d  in  th e  PEST n e rv e  a f t e r  s t im u la t io n  in  th e  in te rm e d ia te  
nu c leu s  has a  double l a ,  I d co m p o sitio n  as  in d ic a te d  in  A. 
S tim u la t io n  o f  th e  h a m str in g  n erv e  a t  p r o g r e s s iv e ly  in c re a s in g  
s t r e n g th s , as in d ic a te d ,  i s  seen  to  reduce a t  f i r s t  c h i e f ly  th e  
la  peak; o n ly  w ith  th e  h ig h e r  s tim u lu s  s t r e n g th s  is  the lb  peak 
reduced  m arkedly . The h e ig h ts  of th e  two components o f th e  PBST 
s p ik e  a f t e r  c o l l i s i o n  w ith  h am str in g  v o lle y s  a re  p lo t t e d  in  C
a g a in s t  the stim ulus s tre n g th s  s e t t i n g  up the ham string v o l le y .  
The Ia - Ib  com positions of th ese  c o l l i s io n  v o lley s  s e t  up in  
th e  ham string  nerve were determ ined by the double s tim u lus 
tech n iq u e , th e  ham string  v o lle y  being recorded  as i t  en te red  
th e  sp in a l co rd . Specimen reco rd s  of th i s  double s tim u lus 
s e r ie s  a re  shown in  B and the e n t i r e  s e r ie s  i s  p lo t te d  in  D.
The s tim u lu s  s tre n g th s  f o r  th e  B s e r ie s  a re  shown above th e  
co rrespond ing  reco rd s  o f the  A s e r i e s .  (From S o c le s , Schmidt 
cc W il l is ,  1962b.)
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j i{';* 26, Excitability changes in la and lb fibres of PBST 
with conditioning by a flexor volley, P2P, and by an extensor 
volley, GS. In A, the amplitude of the la component of the 
antidromic spike potential recorded from PBST is plotted in 
P-V against the strength of the stimulus applied through the 
microelectrode in the intermediate nucleus. The spike was 
measured without any conditioning volleys preceding it (upright 
and oblique crosses) and after conditioning1 by 4 Group I 
volleys (220/sec) in either P2P (open circles) or GS (filled 
circles) at an interval of 30 msec. The horizontal lines indicate 
the spike sizes used for determining the excitability changes 
produced by the conditioning volleys; the method of computation 
is explained in the text in relation to Fig, 9, F shows a similar
plotting, "but in this instance a collision volley in the 
hamstring nerve was used to block the Group la component 
of the PEST spike. Hence, the plotting shows the determination 
of excitability changes in Group lb fibres only. The specimens 
of records used for these plottings (B C, G and H) were 
produced by stimulating the intermediate nucleus by a pulse 
of 90Y. The lower traces in each case were records taken 
without conditioning, while the superimposed upper traces 
were produced after conditioning. E and G are enlarged and 
traced to give the superimposed drawings of D, while C and H 
were similarly used for E. Solid lines in D and E indicate 
that no collision volley was used, whereas the dashed lines 
show the spike response in the lb fibres, the la spike having 
been eliminated by an appropriate collision volley. In D,
4 FDP volleys were used for conditioning (upper solid and upper 
broken lines), while in E, 4GS volleys were employed. (From 
Eccles, Schmidt & Willis, 1562b.)
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F is»  29 « A ffe re n t f i b r e s  r e s p o n s ib le  f o r  in c re a s in g  th e  
e x c i t a b i l i t y  of Group lb  f i b r e s  o f  a f le x o r  n e rv e . The an tid ro m ic  
s p ik e  was th a t  o f  th e  lb  f i b r e s  o f th e  PBST nerve a f t e r  a h am str in g  
c o l l i s i o n  v o l le y ,  and th e  c o n d i t io n in g  was by 4 v o l l e y s  (3 0 0 /se o )  
i n  th e  3MAB n e rv e  a t  v a rio u s  s t r e n g th s  of s t im u la t io n .  The t e s t i n g  
i n t e r v a l  was 36 msec. Specim en re c o rd s  o f the a n tid ro m ic  sp ik e  
a r e  shown i n  A, th e  s t r e n g th s  of s t im u la t io n  of the  c o n d i t io n in g  
n e rv e  b e i r g  in d ic a te d .  The am p litu d e  o f th e  c o n d itio n e d  sp ik e  
r e l a t i v e  to  th e  c o n tro l  s i z e  is  p l o t t e d  in  C a g a in s t  th e  s t r e n g th s  
of s t im u l i  s e t t i n g  up th e  c o n d i t io n in g  v o l l e y s .  A d o u b le  s tim u lu s  
s e r i e s  was em ployed to  d e te rm in e  th e  I a - I b  co m p o sitio n  of th e  SMAB 
v o l l e y s .  Specim en re c o rd s  o f t h i s  s e r i e s  a re  g iv en  in  B and  the  
s e r i e s  i s  p l o t t e d  in  D. (From E c c le s , Schm iat & W i l l i s ,  1962b.)
'£ /\. ,9iA
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P ig .  3 0 . A f fe re n t  f ib r e s  re s p o n s ib le  f o r  in c re a s in g  the 
e x c i t a b i l i t y  o f  Group lb  f ib r e s  o f an  e x te n so r n e rv e . In  A 
is  shown the Group lb  a n t id ro m ic  s p ik e  p o te n t ia l  (CGN) reco rded  
in  th e  SMAB nerve a f t e r  the  c e n t r a l ly  evoked Group I  v o l le y  
had c o l l id e d  w ith  a Group la  h a m s tr in g  v o l le y *  T h is  lb  sp ike  
was c o n d it io n e d  a t an in t e r v a l  o f 36 msec by 4 PBST v o lle y s  
(3 0 0 /s e c ) produced by the s tre n g th s  o f  s t im u la t io n  in d ic a te d  
i n  the  specim en re c o rd s  o f  A. The a m p litu d e  o f  the c o n d it io n e d  
s p ik e  r e la t iv e  to  the  c o n t r o l  s iz e  is  p lo t t e d  i n  C a g a in s t th e  
s t re n g th s  o f the s t im u l i  used f o r  the  c o n d it io n in g  v o l le y s *
The doub le  s tim u lu s  s e r ie s  employed to  de te rm ine  the Ia - I b
c o m p o sitio n  of th e  PBST v o lle y s  i s  i l l u s t r a t e d  bry 
sam ple re c o rd s  in  B and by th e  g raph  o f D* (From E cc le s  
Schm idt & W illis^  1962b .)
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F ig .  5 1 . Time course o f  e x c i t a b i l i t y  changes p roduced in  Group 
lb  f ib r e s  o f  a f le x o r  nerve  by  a f fe r e n t  v o l le y s  in  an  e x te n so r 
n e rv e . In  A a re  the  re c o rd s  o f  th e  a n t id ro m ic  s p ik e  produced 
by  c e n t r a l  s t im u la t io n  and re co rd ed  i n  the  PBST n e rv e . The la  
and lb  peaks a re  in d ic a te d .  C o n d it io n in g  by 8 Group I  v o l le y s  
(3 0 0 /se c ) in  the  combined ne rves  o f  GS, FEEL and P I had no 
e f f e c t  upon th e  Group la  component o f  th e  a n t id ro m ic  s p ik e , as 
shown i n  the  specim en re co rd s  in  A and in  the g ra p h  in  C (open 
c i r c l e s ) .  The Group lb  a n t id ro m ic  s p ik e  w h ich  r e s u lte d  a f t e r  
c o l l i s i o n  o f  a s u ita b le  h a m s tr in g  v o l le y  w ith  the  Group I  
a n t id ro m ic  s p ik e  is  shown in  B . The c o n d it io n in g  v o lle y s  in  
t h is  in s ta n c e  produced a c o n s id e ra b le  in c re a s e  in  th e  a m p litu d e  
o f  th e  a n t id ro m ic  s p ik e ,  as shown b o th  i n  B (and i n  the second
peak  o f  th e  re c o rd s  of A) and  in  th e  g raph  in  C ( f i l l e d  
c i r c l e s ) .  C shows the f u l l  tim e c o u rse  of th e  change 
in  e x c i t a b i l i t y  of th e  lb  f i b r e s .  (From E ccles Schm idt 
Sc W i l l i s ,  1962b).
F ig .  52 . I n t r a c e l l u l a r  r e c o rd in g  of d e p o la r iz a t io n  of a 
Group lb  prim ary  a f f e r e n t .  In  g e n e ra l ,  d ie d e s c r ip t io n  of 
F ig s .  10 and 11 a p p ly  to  t h i s  f ig u r e .  Com parison o f  th e  
th r e s h o ld  r e c o rd  f o r  q u ad ric ep s  s t im u la t io n  i n  A w ith  
maximum in  B shows th a t  the f i b r e  was a h ig h - th r e s h o ld  
Group lb  f i b r e .  The upperm ost t r a c e s  o f C-M a re  re c o rd s  
from Hie co rd  s u r f a c e ,  d i s to r t e d  a s  in  F ig . 10 by a  s h o r t  
tim e c o n s ta n t  a m p l i f i e r .  In  C -I a re  re c o rd s  evoked by fo u r  
v o lle y s  in  th e  in d ic a te d  a f f e r e n t  n e rv es  a t  2 8 0 /s e c , th e re  
b e in g  a  c o n s id e ra b le  d e p o la r iz a t io n  of the  f i b r e  in  C-F, 
and a l s o  by th e  v a r io u s  numbers of PBST v o l le y s ,  as  in d ic a te d  
in  J-M. Note d i f f e r e n t  v o lta g e  and  time s c a le s  fo r  A, B and  
f o r  C-M. (From E c c le s , Magni & W i l l i s ,  1962 .)
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F ig . 5 5 « Time course  o f  i n h ib i t i o n  o f m onosynaptic  components 
o f  DSCT mass d is c h a rg e . A-E a re  specim en re co rd s  o f  DSCT 
mass d isch a rg e  evoked by s t im u la t io n  o f GS and re c o rd e d  fro m  
the d o r s o - la te r a l fu n ic u lu s  o f  the  c o rd  a t  L 1 -L2 . A is  th e  
c o n t r o l ,  w h ile  B-E are  re co rd s  showing i n h ib i t i o n  a t  v a r io u s  
in te r v a ls  ( in  msec) as in d ic a te d ,  fo l lo w in g  4 c o n d it io n in g  
v o l le y s  s e t up i n  the h a m s tr in g  nerve by a s t im u lu s  s t r e n g th  
subm axim al f o r  Group I *  F is  the  c u rv e  o f th e  tim e  course  o f 
th e  i n h ib i t o r y  e f f e c t ,  the  h e ig h t  o f the mass d is c h a rg e  as 
p e rcen tag e  o f  c o n t r o l  b e ing  p lo t t e d  a g a in s t  t im e  between the  
a r r i v a l  o f th e  f i r s t  h a m s tr in g  v o l le y  a t L7 d o rs a l r o o t  and th e
beginning: o f  the G5 mass d isch a rg e . The d u ra tio n  of the  
b r ie f  co n d itio n in g  te tan u s  i s  shovm. by the  c ro ssh a tch ed  
. (From E ccles, O scarsscn & W illis , 1961.)a rea
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Fife. 5 4 . In v e s tig a t io n s  on in h ib i t io n  of the m onosynaptic 
component of the mass d ischarges o f the  d o rsa l and v e n tr a l  
s p in o -c e re b e lla r  t r a c t s .  A and B show th e  time course  of 
in h ib i t io n  of the DSCT mass d isch arg e  o f GS p lus FDKL-P1 
by Group I  c o n d itio n in g  v o lle y s  in  t h e  PBST and Q, nerves 
re sp e c tiv e ly «  The time course of e x c i t a b i l i t y  changes of th e  
Group I  te rm ina ls  of FDHL in  C la rk e 's  column a re  shown i n  C and 
D a f t e r  the  same c o n d itio n in g  v o lle y s  as in  Af B. The technique 
f o r  s tu d y in g  e x c i t a b i l i ty  changes was the same as d e sc rib e d  
f o r  F ig s .  8 and 9, excep t th a t th e  s t im u la tin g  m ic ro e lec tro d e  
was in s e r te d  in to  C la rk e 's  column a t  upper L4. In  E and F ,
th e  i n h i b i t i o n  o f  th e  VSCT mass d is c h a rg e  of GS p lu s  
FDHL~P1 by the same c o n d i t io n in g  v o lle y s  i s  shown. Note 
the  s h o r t e r  tim e c o u rse  of t h i s  i n h i b i t i o n  compared w ith  
th a t  shown f o r  th e  DSCT mass d isc h a rg e  in  Af B,
F ig .  5 5 . Card dorsum p o te n t i a l s  produced  ty  Group I  a f f e r e n t  
v o l le y s .  The reco rd ing- e le c t r o d e  (a sm all p la tin u m  b a l l )  i s  
on th e  c o rd  dorsum j u s t  m ed ia l to  th e  L7 d o r s a l  ro o t  and  th e  
i n d i f f e r e n t  e le c t ro d e  i s  a la rg e  p la te  on th e  back m uscles 
a s  in d ic a te d  by th e  d iagram  (M ). A~D g iv e  p o te n t ia l s  p roduced  
when s t im u l i  ( l ,  2 , 4 and 6, r e s p e c t iv e ly )  j u s t  maximal f o r  
Group I  were a p p l ie d  to  th e  PDP n e rv e , the  s tim u lu s  i n t e r v a l s  
b e in g  2 .4  msec in  B-P. Note th e  d ip h a s ic  sp ik es  ( p o s i t iv e ,  
n e g a t iv e )  produced by each  v o lle y  and th e  su b seq u en t p ro longed  
P wave. E-H i s  s im i l a r l y  re c o rd e d  in  the same p re p a ra t io n  
bu t w ith  ju s t-m ax im al Group I s t im u l i  a p p l ie d  to  th e  PBST nerve-.
I-L  is  s im ila r  to E-H, but in  an o th e r experim ent, and w ith  
vo lley  in te r v a ls  of 4 .3  msec. D iffe re n t time and p o te n t ia l  
sca le s  f o r  A-H and fo r  I-L . (Prom E ccles, Magni and W il l is ,  1962.)
F ig . 56. Slow p o te n t ia l  waves produced a t  cord  su rface  by 
Group I  v o lle y s . A sh ee t of rubber dam was passed  under the 
sp in a l cord, so in s u la t in g  i t  from the  animal th ro u ^ io u t segments 
L4 to  S i, th e  L5 roo ts  hav ing  been p re v io u s ly  cu t on both s id e s . 
The cord  was ro ta te d  and l i f t e d  by t r a c t io n  on the d e n tic u la te  
lig am en ts, so th a t  the reco rd in g  e le c tro d e  could be p laced  a t  
the v a rio u s  p o s it io n s  in d ic a te d  by the arrows o f A-G. P waves 
reco rd ed , as in  F ig . 35, but a t  th e  L6-L7 segm ental le v e l ,  were 
produced in  A and B by 6 PB3T and 6 PDF vo lleys as in d ic a te d . 
Note th a t  as the reco rd in g  e lec tro d e  was moved v e n t r a l ly  there  
was re v e r s a l  of the slow p o te n t ia l  wave a t  C and th i s  rev e rsed  
wave was a t  a maximum in  I) and E, being  then p ro g re s s iv e ly
red u ced  w ith  f u r t h e r  v en tro m ed ia l movement of th e  e le c t r o d e
to  F f nd G. Same time and p o t e n t i a l  s c a le s  f o r  a l l  r e c o r d s .  
(From E c c le s , Magni and W i l l i s f 1962 .)
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F ig ,  3 7 . F ie ld  p o te n t ia ls  p roduced  by Group I  a f f e r e n t  
v o lle y s  fro m  m uscle . A, Specimen re co rd s  o f  th e  f i e l d  
p o te n t ia ls  g e n e ra te d  by fo u r  PDF and by  fo u r  PBST Group I  
v o lle y s  (2 8 0 /s e c ) a t  the in d ic a te d  depths a lo n g  the  t ra c k  
marked by a rrow  in  B. Records were made a t  each 0 ,2  mm, 
o n ly  e ve ry  second re c o rd  be ing  shown in  A. Upward d e f le x io n s  
s ig n a l n e g a t iv i t y  r e la t iv e  t o  the in d i f f e r e n t  e a r th  le a d ,
B. C ontour d iagram  w ith  e q u a lly  spaced is o - p o te n t ia l  l in e s  
f o r  th e  p o te n t ia l  f i e l d  t l a t  i s  p roduced by fo u r  PDP v o l le y s  
and re co rd e d  as in  A f o r  a s e r ie s  o f  t ra c k s  as shovn, s ix  b e in g  
p e rp e n d ic u la r  and f i v e  o b l iq u e . The p o te n t ia ls  a re  m easured a t  
th e  a rro w s  in  A, 23 msec a f t e r  the  la s t  v o l le y  so as to  a v o id  
d is t o r t io n  by fo c a l s y n a p t ic  p o te n t ia ls .  Note th a t  the re v e rs a l
o f  p o te n t i a l  (C) would re a c h  th e  s u r f a c e  a t  ap p ro x im a te ly  
th e  r e v e r s a l  p o in t  in  P ig .  36 . C. D iagram showing th e  
lo c a t io n  of d ip o le s  t h a t  would g iv e  th e  p o t e n t i a l  f i e ld s  
o f F ig s .  36 and 37 . (From E c c le s , Magni & W i l l i s ,  1962.)
F ig .  58 . D o rsa l r o o t  p o te n t i a l s  a id  c o rd  dorsum P waves 
p roduced  try m uscle  a f f e r e n t  v o l le y s .  A and  B show th e  DRPs 
(upper t r a c e s )  and P waves (low er t r a c e s )  w hich were produced  
by  4 Group I  v o lle y s  ( a t  2 2 0 /se c )  in  the  PBST and PDP n e rv es  
r e s p e c t iv e ly .  An upwards d e f le x io n  s ig n a l s  f o r  th e  DRPs a 
n e g a t iv i t y  o f  th e  le a d  n e a re s t  Hie c o rd  a n d  f o r  th e  P waves 
a n e g a t iv i t y  o f  th e  s u r f a c e  c o n ta c t e l e c t r o d e .  The tim e 
s c a le  a p p l ie s  to  DRPs and  P w aves, w h ile  th e re  a r e  s e p a ra te  
v o lta g e  s c a le s  f o r  th e  two ty p e s  of p o te n t ia l s *  C i s  a d iag ram  
o f  th e  method u sed  f o r  r e c o rd in g  th e  DRPs. A d i f f e r e n t i a l  
in p u t i s  em ployed.
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F ig .  3 9 . E x c i t a b i l i t y  changes in  Group I  m uscle a f fe re n t  
f ib r e s  a t  v a rio u s  depths in  the s p in a l  cord* Changes i n  th e  
e x c i t a b i l i t y  o f  f ib r e s  b e lo n g in g  to  the FDHL-P1 nerve p roduced 
by 5 Group I  c o n d it io n in g  v o lle y s  i n  the  PBST nerve  were 
d e te rm ined  by the  method d e s c r ib e d  in  F ig s .  8 and 9 a t 300 
m ic ron  s te p s  fro m  th e  m o to r n uc leus  t o  near th e  c o rd  dorsum* 
Sample re co rd s  o f  u n c o n d itio n e d  (C A L IB .) and c o n d it io n e d  
a n t id ro m ic  sp ik e s  are shown in  A and B f o r  the in d ic a te d  
dep ths , 0 .5  mm and 3*4 mm* The e n t i r e  s e r ie s  o f  e x c i t a b i l i t y  
d e te rm in a tio n s  from  w hich the  sample re c o rd s  were taken 
a re  p lo t t e d  in  C (open c i r c le s ) .  S im i la r  d e te rm in a tio n s  w ere 
made in  a n o th e r t ra c k  400 m icrons c a u d a lly  ( f i l l e d  c i r c l e s ) .
LOWER L7 L6-L7 15-16 UPPER L5
Fi#» 4 0 , P waves produced by v a r io u s  Group I  v o lle y s  a t  
d i f f e r e n t  segm ental l e v e ls .  Each re c o rd  g iv e s  th e  p o t e n t i a l  
produced  when 4 s t im u l i  j u s t  maximal f o r  Group I  and a t  280 /sec  
were a p p l ie d  to  the  n erves in d ic a te d  by th e  symbols to  th e  
l e f t  o f th e  re s p e c t iv e  row s. Same time and  p o te n t i a l  s c a le s  
o b ta in e d  f o r  a l l  r e c o rd s .  (From E c c le s , Magni & W i l l i s f 1962 .)
F ig . 4 1 . D orsal r o o t  p o t e n t i a l s  g e n e ra te d  try m uscle 
a f f e r e n t  v o l le y s .  The upper t r a c e s  of A-L g iv e  p o te n t i a l s  
produced in  a r o o t l e t  from  the most caudal p a r t  o f L6 d o r s a l  
r o o t ,  upward d e f le x io n s  s ig n a l l in g  n e g a t iv i t y .  A-F were 
produced by maximal Group I a f f e r e n t  v o lle y s  as  in d ic a te d ,  
one in  A, B and 4 in  C -F . G-L co rresp o n d  to  th e  re c o rd s  
A-F above, but w ere evoked by a f f e r e n t  v o lle y s  th a t  were 
maximal f o r  bo th  Groups I and I I .  Same p o t e n t i a l  and tim e 
s c a le  f o r  a l l  th e  upper t r a c e s .  Lower t r a c e s  i n  A-L m ere ly  
s ig n a l  th e  a f f e r e n t  v o l le y s ,  as  re c o rd e d  by an  e le c tro d e  on 
th e  L7 d o rs a l ro o t  w ith  a, s h o r t  tim e c o n s ta n t a m p l i f ie r .  
(From E cc les, Magni & 7 / i l l i s ,  19 6 2 .)
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Fife. 4 2 . D orsa l ro o t p t e n t i e l s  and P waves of co rd  
dorsum produced  by v o lle y s  i n  a f l e x o r  n e rv e , PBST. In  A 
a r e  sample re c o rd s  o f d o rs a l  ro o t p o te n t ia l s  (upper t r a c e s )  
and  P waves (low er t r a c e s )  evoked by b r i e f  t e t a n i c  s t im u la t io n  
(4 v o lle y s  a t  3 0 0 /sec )  over th e  ran g e  o f s t im u lu s  s tre n g th s  th a t  
a re  in d ic a te d  r e l a t i v e  to  th re s h o ld ;  n e g a t iv i t y  i s  s ig n a l le d  by 
a n  upward d e f le c tio n *  The tim e s c a le  i n  A a p p l ie s  to  b o th  
BRPs and P w aves, b u t th e re  a re  s e p a ra te  p o t e n t i a l  s c a le s*  The 
e n t i r e  s e r i e s  from  w hich the  sample re c o rd s  o f  A were ta k en  i s  
p lo t t e d  in  C. The a m p litu d e s  o f  th e  DRPs (open c i r c l e s )  and 
P waves ( f i l l e d  c i r c l e s )  a re  p lo t t e d  a g a in s t  th e  s t im u lu s  
s t r e n g th s  a p p lie d  to  th e  PBST n e rv e . The specim en re c o rd s  i n  
B show the I a - I b  co m p o sitio n  of the 4 th  v o lle y  of th e  t e t a n i c
tr a in  for  th e  stim ulus stren g th s shown above the  
corresponding records in  Af as determ ined by the double 
stim ulus technique* The la - lb  com position  of the 1 st  
v c l le y  w ith  resp ect to  stim u lu s s tr e n g th  v/as a ls o  determ ined  
and in  D the r e s u lt s  of the two double stim ulus s e r ie s  are  
f u l l y  p lo t te d .  Kote th a t there was l i t t l e  d if fe r e n c e  in  
the la - lb  com p osition  of th e  1st and 4th  v o l le y s .  (From 
EccleSj Schmidt & W il l i s ? 1962b.)
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F ig . 43 . D o rsa l ro o t p o te n t i a l s  and P waves p r o d d e d  by 
an e x te n so r  n e rv e , SMAB. The p o te n t i a l s  p roduced  by 4 v o lle y s  
(3 0 0 /se c )  a t  v a r io u s  s t r e n g th s  in  th e  SMAB n erve  a re  i l l u s t r a t e d  
in  A and p l o t t e d  in  C in  th e  same manner as in  F ig . 42 . Note 
the change in  a m p li f ic a t io n :  the  100 and 50 p-V p o te n t i a l
s c a le s  a t  th e  r i g h t  in  A a p p ly  on ly  to  th e  re c o rd s  ta k e n  
a t  1 .8 1  and 2 .07  tim es th re s h o ld , w h ile  th e  p o te n t i a l  s c a le s  
a t  the l e f t  a p p ly  to  the o th e?  specim en re c o rd s . The double 
s tim u lu s  te ch n iq u e  was employed, as  in  F ig .  42, to  determ ine 
th e  I s - I b  co m p o sitio n  o f the 4 th  SMB v o lle y ;  sam ple re c o rd s  
a re  shown in  B and th e  s e r i e s  i s  p lo t te d  in  D. (From E c c le s , 
Schmidt & W i l l i s , 1962b.)
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F ig ,  4 4 . Cord f i e l d  p o t e n t i a l s  p roduced  by low th re s h o ld  
m uscle a f f e r e n t  v o l le y s .  In  A a re  shown th e  P waves re c o rd e d  
from  th e  co rd  dorsum by an e le c t r o d e  p la c e d  n e a r  t h e  p o in t 
o f  e n try  of th e  m ic ro e le c tro d e  t h a t  was u se d  to  re c o rd  th e  
f i e l d  p o t e n t i a l s  (b ) a t  th e  v a r io u s  dep ths in  th e  c o rd  th a t  
a r e  shown i n  mm to  th e  l e f t  o f B. The p o t e n t i a l s  i n  th e  
fo u r  columns w ere p roduced  by 4 v o l le y s  a t  2 2 0 /se c  and as  
in d ic a te d !  a t  a  s t r e n g th  maximum f o r  th e  l a  f i b r e s  i n  PBST} 
maximum f o r  Group I  in  PBST; maximum f o r  Group I  i n  SMAB; 
maximum f o r  Group I  in  PDF. The f i e l d  p o te n t i a l s  were m easured 
30 msec a f t e r  the e n t ry  o f th e  l a s t  v o lle y  i n t o  th e  c o rd , a s  
in d ic a te d  by th e  arrow s i n  th e  upperm ost row of B. There a re  
s e p a ra te  p o t e n t i a l  s c a le s ,  b u t  the same tim e s c a le ,  f o r  A an-«}. 
B. The f i e l d  p o te n t i a l s  p a r t l y  i l l u s t r a t e d  i n  B a re  p l o t t e q
in  C, th e  o rd in a te s  showing am plitudes in  mV (p o s i t iv e  or 
n e g a tiv e ) , and the  a b sc is sa  showing th e  depths w ith in  the  
cord  a t  which the p o te n t ia ls  were re co rd ed . In  C, the  p o te n t ia l  
produced by ihe Group la  PBST v o lley s  was s u b tra c te d  from th a t  
produced by the Group I PBST v o lle y s , and the  r e s u l ta n t  PBST 
Group lb  p o te n t ia ls  were p lo t te d  as shown by th e  f i l l e d  
c i r c le s  and the dashed l in e .  (From E cc les , Schmidt & W il l i s ,  
1962b.)
PBST la
SMAB
PBST lb
F ig . 4 5 » T opographie maps showing s i t e s  of maximum 
n e g a t iv i t y ,  maximum p o s i t i v i t y ,  and r e v e r s a l  l in e s  of 
f i e l d  p o t e n t i a l s  p a r t l y  i l l u s t r a t e d  in  F ig .  4 4 . Three 
p a r a l l e l  t r a c k s  were made th ro u g h  bo th  the  in te rm e d ia te  
and m otor n u c le i ,  a s  shown by th e  dashed l i n e s .  The 
c e n t r e  t r a c k ,  in d ic a te d  by th e  arrow s on th e  c o rd  dorsum, 
was th e  one used  f o r  F ig . 44 . I s o - p o te n t i a l  l in e s  of th e  
v o lta g e  shown were drawn to  d em o n stra te  a re a s  of maximum 
n e g a t iv i t y  and p o s i t i v i t y ;  th e  segm ents of th e  i s o - p o t e n t i a l  
l in e s  w h ich  a re  b roken  r e p r e s e n t  app ro x im atio n s b ased  on o th e r  
f i e l d  in v e s t i g a t io n s .  The h a tch ed  columns re p re s e n t  d ip o le s  
which c o u ld  acco u n t f o r  th e  o b serv ed  d i s t r i b u t i o n  of f i e l d  
p o t e n t i a l s .  I n  E, the f i e l d  map shows th e  p o te n t ia l s  produced
by the  lb  component of th e  PBST v o lle y s ;  th e  f i e l d  p o t e n t i a l s  
p roduced  by th e  l a  v o lle y s  were s u b tra c te d  from  th o se p ro d u c e d  
by th e  maximum Iroup  I  v o l le y s ,  as  in  F ig* 44C. (From F c c le s , 
Schm idt & W il l i s ,  1962b.)
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F ir - ,  4 6 . D iagram  show ing types o f a f f e r e n t  f ib r e s  w h ich  
d e p o la r iz e  Group la  and lb  f ib r e s  o f  f le x o r  and ex te n so r 
m usc les . The a f f e r e n t  f ib r e s  which p roduce  the d e p o la r iz a t io n s  
a re  l i s t e d  i n  th e  l e f t  co lum n. The r e la t i v e  amount o f d e p o l­
a r iz a t io n  c o n t r ib u te d  by each is  a p p ro x im a te ly  in d ic a te d  by 
the  w id th  o f the  a rro w s . (From E cc les  , Schm idt & W i l l i s ,  1962b .)
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